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ABSTRACT 


A method is described for determination of stresses 
near the circumferential junction of shell, head, and skirt 
of a pressure vessel subjected to mechanical and thermal 
loadings» Considerable latitude is permitted for variation 
in geometrical, mechanical, and loading characteristics; 
however, it is presumed that there is complete symmetry 
about the axis of the vesselo A digital computer program 
is appended to facilitate solution of the problemo 
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1, Introduction 

The chemical and petroleum industries have constructed 
many pressure vessels with vertical axes and cylindrical 
skirt supports. Some of these vessels contain fluids at 
temperatures as high as 1000°F with resultant high heat 
flows through the skirt supporto[X]^ These heat flows^ and 
the thermal stresses resulting, give rise to the ’’Hot 
Skirt Problem” which is here generalized to that of deter¬ 
mining the stress distribution near the junction of shell, 
head, and supporting skirt of a vertical pressure vessel, 
resulting from any combination of the following loadings? 

1, Changes in temperature proceeding axially along 
any of these elements (shell, head, skirt), 

2, Changes in temperature (assumed to vary linearly) 
through the thickness of an element, 

3, Internal pressure in the shell and head but not 
in the skirt, 

4, An additional axial loading on any or all of the 
elements, (Could result from the dead weight of 
one of the elements,) 

5, A moment applied to the junction of the three 
elements by agencies external to the elements, 

6, A radially outward distributed loading applied to 
the junction by agencies external to the elements, 

^Numbers in brackets refer to bibliography, page 40, 
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Throughout it is assumed that the three elements are 
joined on a common circumference, that they and their load¬ 
ings are axially symmetric, that the material of the 
elements remains elastic, and that the structure always 
remains stable and all deformations are ’’small”« It is 
also assumed that the walls of the elements are ''thin”» 

The theory of thin axisymmetric cylinders (Section 2) 
shows that all except axial loadings applied a sufficient 
distance from the end of the cylinder (ioeo, junction end), 
influence that end very slightlyo Axial loadings however 
are transmitted without change» Also one may consider 
such shell configurations as cones, ellipsoids, etCo, as if 
they were cylinders for purposes of calculating their 
reactions close to the junction end due to influences at 
that end, providing such shells are reasonably ”deep”c‘^ 

Only a finite length of the shell need be considered since 
any nonaxial loading has negligible effect upon the junction 
end if it is remote enough« This nonaxial loading may 
therefore be taken to be zero, which suggests a finite 
length with the remote end freec 

Thus the present solution involves three finite 
cylinders, joined together at their common junction endso 
To be as general as possible, this solution allows the 
material properties of the shells to vary axially and even 

=!'See footnote, page 127, Refo 3 Part IIo 
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the radius and thickness to vary ’’slowly’*o The variance 
of radius and thickness must be kept within reasonable 
limits to assure the desired accuracy in the solutions^ 
since terms resulting from axial derivatives of these 
quantities are not included. 

Each cylinder is dealt with in turn^ performing the 
following sequence of calculations: 

1. The moment, shear, slope (belling), and radial 
deflection are found and recorded for each of 
n (a preselected integer) points along the 
disconnected finite cylinder, resulting from the 
application of Loads 1 through 4 as previously 
listed, 

2. The same quantities are calculated and recorded, 
resulting from a unit moment (unit moment per unit 
circumference) applied to the Junction end of the 
cylinder, 

3. The same quantities are calculated and recorded, 
resulting from a unit shear (unit radial load per 
unit circumference) applied to the junction end 
of the cylinder. 

Equations of statics may be written relating the end 
moments and shears to the externally applied loads num.bers 
5 and 6, Using the junction end slopes and radial 
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deformations found in Calculations 1^ 2 ^ and 3? equations 
of slope and displacement continuity may be written 
relating again the end moments and shears,, These relations 
result in six linear equations with six unknowns (the 
three end moments and three end shears) which may be sol'V’ed 
for the junction end moment and shear on each cylindero 

When the end conditions are known for an elementj the 
deflection 5 moment, and shear along the length of the 
element may be calculated using the results of calculations 
1, 2, and 3, which have been retainedc The stresses are 
then calculated using the deflection and momento 

Two methods are presented for handling internal 
pressure. The first considers pressure loading at the 
outset as an input into Calculation 1. This is permissible 
if the local geometry is essentially that of a cylinder. 

If, however, either the shell or head is not cylindrical 
in shape at the junction, all loads but pressure are 
included in Calculation 1. The effects of pressure are 
computed separately for shell and head using membrane 
theory. The resultant end deflections due to pressure are 
included in the continuity equations and the membrane 
pressure stresses are added to the stresses calculated from 
all other loadings (including the bending stress caused 
by dissimiliar deflections due to pressure). 
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A finite difference iterative procedure is used to 
solve the fourth order differential equation presented in 
Section 3 and is the "heart” of the solution<> Essentially 
an assumption of the radial deformation of the cylinder is 
made and an integration is performed to find a new shape« 

To assist convergence, an averaging process is used but for 
some shells convergence may still be difficult to attain« 

The original goal was to develop a method which 
could be easily performed on a desk calculator in a 
reasonable length of time. Due to the difficulty in 
attaining convergence this goal has only been partially met. 
If one had a problem with cylinders of constant parameters 
so that the numerical solution need only be performed for 
Calculation 1, with an analytical solution available for 
Calculations 2 and 3, a hand solution might be feasible. To 
solve more complicated problems a digital computer program 
has been written in Fortran language and is listed in 
Appendix B, This program allows one to consider shells and 
loadings, the solutions for which would take a prohibitive 
amount of time by hand. 

Three cylinders were assmed to be present in developing 
the method and the computer program. However if one wishes 
to consider a vessel of but two abutting elements, one 
may choose a very small length for the unwanted cylinder, 
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thereby effectively eliminating its influence* 

Some previous work has been published on a hot skirt 
problem* Weil and Murphy have developed a solution 
adapting the equations of the analytical solution of a beam 
on an elastic foundation to a cylinder* However these 
equations require a constant "beam” or constant cross 
section cylinder* This restricts the problem to a constant 
axial thermal gradient, and constant temperature difference 
across the wall thickness. These restrictions are severe 
and limit greatly the usefulness of their solution. 
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2 . Theory 

Consider a small element cut from a cylinder with 
dimensions dx, ad 5 and t in the x, y, and z directions a 
The cylinder is of radius a, and has a wall thickness to 
Figure 1 illustrates the element. 



Figure 1*Element Cut from Cylinder 
The following symbols will be used in this section: 
a = radius of cylinder 

D s: Et^/l2(l-^^) 2 longitudinal stiffness of a unit width of 
element, (also called plate flexural rigidity,) 
d = infinitesimal central angle. 
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E r YoungModulus. 

and e_„ s centerline extensional strain in x and z 

ITLX. m/i 

directions respectively due to all but thermal 
causes. 

®bx ®bz = bending strain on inner wall surface in x 
and z directions respectively due to all 
but thermal causes; and positive as indicated 
in equations (5) and (6). 

e^ and eg = extensional strain in x and z directions 
respectively. 

Mx = moment (as illustrated) per unit circumference. 

Mg = moment (as illustrated) per unit axial length. 

P = ap/2 + P'‘‘ s axial force per unit circumference. 

P’^ z axial force per unit circumference from all causes but 
pressure, 
z internal pressure. 

z radial deflection, (Positive outward.) 

- wall thickness. 

= temperature at centerline of wall. 

4T z inner wall temperature minus outer wall temperature. 

V z radial force per unit circumference. (Positive as shown.) 

X, y, and 2 s cartesian coordinates as shown in Figure 1. 

c< z coefficient of linear thermal expansion, 
s curvature in x, y plane. 


P 

s 

t 

T 
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- radius of curvature in x, y plane, 

CTx and CTg s axial and circumferential tensile stresses, 
respectively, 
yU, z Poisson*s ratio. 


For axial equilibrium: 
't/2 


■I 


(1) P 

For equilibrium in the y direction; 


/ 

t/2 


padOdx + ad6V ~ ad0(V+>dV) d9dx 


/ 


t/2 

C dy 
t/2 ^ 


This reduces to; 



Taking moments about axis 0 “ 0 ; 


ad@(Mx Vdx) t (pad^x)"^ s (M^ + dMx)ad0 <}= 

which reduces to; 


(3) 



dx 


Also from elementary statics: 


(4a,b) Mx 



(Ty^ydy and s 



(T^ydyo 
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Asstuning the longitudinal strain is linear through 
the wall: 

(5) ” ®nix " ■<'OCT 

"t t 

Assuming circumferential strain is linear through 
the wall: 

<6) = «mz - +c<.T 

These assumptions are reasonable if t4<a<, Otherwise 
the distribution may be nonlinear. ThuSj for example, the 
stress distribution due to internal pressure in a thick 
cylinder is hyperbolic (Lame^ Solution). 

Figure 2 shows the cross section of a piece cut from 
the cylinder wall of width ad@ and length dx. The strains 
are greatly magnified for illustrative purposes. From 
similar sectors: 

X^dx 2 (e^x t<=<'^T/2)dx/(t/2)o 
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Figure 2 Cross Section of Cylinder Wall 

Presuming that Therefore: 

dx ^ 

(7) ^ - (2ej,^ +«/3T)/t. 


dx' 


(S) 62 = s/(a+y)^:i:s/a. (Here again we assume t<^a„) 

Comparing ( 6 ) and (S), and equating coefficients of like 
powers of y: 


(9) - --.4T/2 


(10) e^j. = 3 /a - «cT. 


The fundamental stress-strain relations are; 
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(11) £e/(1-^ )J ^ “ “^^®bx*’/^®bz 0 

(12) Cr^s j^E/(l-y«^ )_J “ “^^®bz‘^/^®bxO 

Therefore: 


( 13 ) 

P = 

rt/2 

= [Et/( 

(14) 

dx 

s p 


’t/2 

( 15 ) 


/ 

't/2 


Mx 

■-i 

, cr ydy s iEt 
■t/2 ^ 

(16) 

M 

z 

-I 

't/2 r 

(T.ydy = [Et 


Combining (7), 

(9), and 

(17) 

d^s 

dx^ 

5k 

” D 

(l+A)Ai4 T 

t 


mx 




Eliminating from (13) and (14)" 


(18) g =P 


jjn ^be 

/«P mz 


a a 

Substituting (10); 

dV „ /^P + Etot T 

(19) a; “ p - ” * — 5 — 

From ( 15 ) and (9)? 

(20) e^x = + /difiA 


Ets 


Et 
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and from (13) and (10) 


(21) e s , P- . - 

rax Et ^ 


Stimmarizing; 


(22a) 35 ^ 


dV _ p ^ EtgcT 


/dl 

a 


Ets 

^2 


(22b) ^ = 
dx 


(22c) 


d^s 

dx^ 


^ ■». (!--//)<»< 
D t 


If it is assumed that T^P^./iT-Oj and that a, and 

t are constants, equations (22) reduce to; 


(23) 


■Ets 


dx^ 

The solution to (23) assuming a semi-infinite cylinder; 


IS; 


/sx 


(24) s s ~~J — V^cos/sx "{•/fiM^ 2 (cos^x - sin^x) 
where V]^ and loadings, and ^ ° 


Et 

4a2D 


M„ then equals D 


d^s 

dx^ 


After and s have been determined either by numerical 
solution of (22) or by using (24), the stresses in the 
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and from (13) and (10); 


(21) e s . (1-//^) P .. - 

rax a 


Summarizing: 


(22a) ^ 


dV _ p ^ EtocT 


M 

a 


Ets 

^2 


(22b) ^ = 
dx 


(22c) 


d^s 

dx^ 




D 


If it is assumed that TsP=,/iT=0j and that a, and 

t are constants, equations (22) reduce to: 


(23) 


-Ets 


dx^ 

The solution to (23) assuming a semi-infinite cylinder; 


IS: 


/sx 


(24) s s —— Vq^cos/Sx + ^ ( cos^x => sin^x) 

2^ "^D 

where Vl and are the end loadings, and ^ s 


4a2D 


Mjr then equals D' 


d^s 
dx2 


After and s have been determined either by nximerical 
solution of (22) or by using (24), the stresses in the 
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WvV 


; 

5 ^ 




- ■ -Vi; . \j.V;m;; -4 ■■;■;: , 
■ y-f 




cylinder may be determined with equations (9),(10),(20), 
(21),(11), and (12)o The results are: 


cr 


X inner = 


£ + ^ 
t .2 


(25) 


cr 


X outer = T ~ 


6M 


O' . Es 

2 inner = — E«<T +2^ 


( 26 ) 


E^ 

a 


^2 outer = ~T “ E«<T + 


ml 

t 


E<x^T . 4^x 
2 ^2 


Ep<JT 
+ 2 



o 


A single equivalent stress is frequently used as a 
basis of assessing the severity of loading on a structure 
in which the state of stress is not a simple uniaxial 
stress. The equivalent stress employed here is- that of 
the distortion energy theory (equivalently, of the octa^ 
hedral shearing stress theory). If the principal stresses 
are CT” , CT and sero, as they are at the outside of the 

X 2 

cylinders, the equivalent stress is: 



On the interior surface, if a pressure p is acting, the 
third principal stress is =p rather than zero. However, 
the same formula is used since CT and CT are at least one 

X 2 

or two orders of magnitude greater than p. Thus: 


14 










I 






(27) 

and: 

(2g) 



outer 


inner 




(7-^ . {cr<r) ^ +cr^ 

X outer X z outer z 




- (crcT). +(r" 

X inner x z inner z 
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3. 


Method 


Figure 3 shows the basic three^cylinder problem that 
is to be solved, with the numbering convention used, and 
the sign conventions for the externally applied moment, 
shear force, radial deflection, and slope when the cylinders 
are considered jointly. 


Positive radial deflection for all cylinders. 



Positive slope for all cylinders. 



Positive shear for all 
cylinders. 

M Positive moment for all 
cylinders. _ 

Cylinder 3 


+x _ ax is 


0 


_ a xis _ +x 


Figure 3. Positions of Three Cylinders 
and Sign Conventions 
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The basic procedure to be followed in the solution is 
to solve equations (22) numerically or (23) analytically 
to find the reaction of each cylinder to (1) the given 
loadings, (2) a unit junction end moment*, and (3) a unit 
junction end shear* when this cylinder is ’Tree" (ioSc, 
disconnected from the junction)= The three cylinders are 
then conceived to be rejoined, and by using the above in¬ 
formation along with the equations of statics and continuity, 
the reactions (i«eo, the actual end loadings) of the three 
cylinders are determined. 

The analytic solution of equation (23) is given in 
equation (24). However in the numerical solution of (22) 
we choose a finite length for the cylinder. The only load 
applied to the remote end is a moment equal to that caused 
by the radial thermal gradient. From equation (24) 

the radial deflection at x = 5//^ is about 0.7^ of the 
radial deflection at x = 0 for any given loadings applied 
at X = 0. Thus, if L, the length of the finite cylinder, 
is set equal to 5/y5 there is only a small error in the 
radial deflection at the junction end due to neglecting 
the loading applied at x = 5/^ by the portion of the cylinder 

*Throughout this thesis "shear" means the radially 
outward directed load per unit circumferential length and 
"moment" means moment per unit circumferential (or axial) 
length. 
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beyond this point. However an error results if there are 
nonlinearities close to the remote end. See "Discussion 
of Results," Appendix C. 



0 _axis 



Figure 4, Finite Cylinder Divided into n^l 

Increments Showing Loads at Junction 
and Remote Ends. 

The following iterative procedure was developed by 
John E. Brock, Professor of Mechanical Engineering, U. S. 
Naval Postgraduate School, Monterey, Calif., and modified 
by the writer to assist convergence. 

Figure 4 shows a cylinder divided into n-1 equal 
increments with stations 1 through n. (With a modification 
of the integration method used, the requirement of equal 
increments could be withdrawn.) At each station, values 
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of all the parameters of the cylinder and all loadings are 
assumed knowno 

Equations (22) may be restated as follows: 

^ Eto<T Ets 


(29) 


dx 


a 


a 


V=J 


II 

jvdx 

2 M 

^ ^ ll+^jfCdT 

dx2 D t 

M - 

dx 

(-^dx 
) dx 

s = 1 



Let M* = M + 

X t 

(30) M* =/Vdx + D(l+X)*^<aT 

(31) ^ = M* 

,2 D 
dx 

Let s = A + Bx + f(x) where A and B are constants and 

f(x) is normalized in such a way that f(0) = f(L) = Oo 

Also let Q = ^ . Then from (29)? (30), and (31): 
dx 

Q = p + Eto^ _/^-Etn+Bx + f(x)J 

3 . 3 ^ ^ 


(32) = Q - A% - bI% - EtfM 

a a'^ a^ 
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where Q = p + 

a a 

✓ 


V = jQdx = +j Qdx - AJ 



) a 

Let % = k 

BT 


V = V - A/ kdx - B / kxdx 

“ / kf(x) 

where V = Qdx. 

/o 

Next 



M* = M + Vdx - A^Jkdxdx » B^^kxdxdx -^^kf(x) 
Dd+v^kdT 


dxdx 


so that 


(34) = M* - kj^Jkdxdx ~ BJ^^kxdxdx ^kf(x)dxdx 

where M* = M + / Vdx + P 

xl y!> t 

An initial asstimption is made for f(x); conveniently, 
one may take f(x)=0. Therefore the only unknowns in 
equations (33) and (34) are A and B<, 

It is also assumed that at x = L (the remote end of the 

cylinder) , ~ ^n ~ This is a reasonable assumption 

because as x approaches infinity, with a constant radial 

thermal gradient, the axial curvature of the cylinder wall 

approaches zero« L has been chosen long enough so that the 

conditions at x = L approach those at infinity which allows 

p/[!}! = V = Oo The two equations and two unknowns are: 
n n 
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(35) 0 


= “ a/ kdx - B ^ kxdx - ^ 

•i- /X 




o 

(36) 0 = - A /;/; kdxdx - B L Jo kxdxdx - I kf(x) dx 

Solving for A and B: 


kf(x)dx 


(37) A = 


(36) B = 


[^n “/kf(x)dxj 

’[C. 

jkxdxdxJ - kxd^ X ^ ^ ^ dxdx 

[^kdxj[/o jx, kxdxdjJ ** | 

^kxdjj 

^[j>/a kdxdx] 


[Ikd^ fe'i i'^kf(x)dxd^-[Vj^"/kf(x)d^[^54dxdx 


[JJ^] UoC kxdxdxj kxdxj [ijidxdxj 
Substituting these values into (34) gives M*. 


(31) 


d^s . M* 

. 2 " D 
dx 

« 


(39) g(x) 


_ A^s 


i 


dx = 


dx 


.rv 

‘i “c 


dx 


( 40 ) f^(x) =^g(x)dx 

It vdll be noted that g(x) ^ ^ and f^^Cx) / s because 

the initial conditions have not been includedo We normalize 
f 2 ^(x) to obtain 

( 41 ) f^(x) = f,(x) » 


and it may be seen that f 2 ( 0 ) = f^d) = Oc 


If f 2 (^) is used for f(x) directly in equation (32) to 
perform the next iteration, the process usually diverges 
rapidly. To force convergence, the following averaging 
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procedure is used 


lo Let numbers m and C « . chosen as described later, 

min> 

be specifiedo 

2o Let d be the value of x for which f 2 (x) is maximal<, 
3o Determine a number C according to the rules 


If f(d) =0, C = C 


min’ 


If |f(d)/f2(d)| > 1, C = C 
If 0<.|f(d)/f 2 (d)|<1, C equals the larger 


min* 


of or lf(d)/f 2 (d) 


m 


4o Obtain a new function f^Cx) by the formulas 


(42) f 3 (x) = Cf 2 (x) + (l»C)f(x)o 

f 3 (x) is the function to be substituted into the equation 
(32) for f(x) in the next iterationo The process has 
converged when f 2 (x) ^Cr^f (x)« 


The fraction 


f(d) P 

fiTdTl 


is used solely to reduce the 


number of iterations required for convergenceo It may be 
seen that when convergence has almost been attained, the 
fraction C will become progressively larger resulting in 
a higher percentage of f 2 (x) being used in the next 
iteration. 

The number m must be kept to a minimum and C . kept 

^ min ^ 

to a naximum to reduce the number of iterations to a 
minimum. It was found by trial and error that a value of 
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S or 9 for m and <,06 to <>06 for generally insured 

convergencec One problem required an m of 15 for reasons 
unknown to the writer,. Generally if divergence is exper- 
ienced, increasing m and decreasing seems to eliminate 

the divergence., 

When convergence has been attained, M , s, and ^ are 
calculated as follows: 

(43) Mx = M*- 

(44) s ® 


(45) s = A +Bx + f 2 {x) 

Using the sign conventions established in Figure 3 and 
with the understanding that ’’loadings” stand for the pressure, 
thermal loadings, and axial loading in each cylinder, let; 
^ol’^o2”^o3 ~ junction end deflections of the disconnected 

Cylinders 1,2, and 3 respectively due to their 
loadings., 

^1 ,^2 >^3 ~ junction end deflections of Cylinders 1,2, and 

3 respectively caused by joining the cylinders . 
at the junction 0 The total deflection of 
Cylinder 1 would then " 

^q 2.* ^2’^o3 ~ J^^^bion end slopes (subscripts have the same 
^1 > ^2 > ^3 meanings as those for ^ )« 

Mo 1 ,Mo 2 »Mo 3 = junction end moments of Cylinders 1,2, and 3 
respectivelyo 
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Voi,Vo 2 >Vo 3 * junction end shear loadings of Cylinders 1,2, 
and 3 respectivelyo 

Yqq and = externally applied shear and moment at 
junctiono 

= slope at junction end of Cylinder 1 produced 
by application of unit shear to junction endo 
= deflection at junction end of Cylinder 1 
produced by application of unit shear to 
junction endo 

Am^ = slope at junction end of Cylinder 1 produced 

by application of unit moment to junction endo 
Amg = deflection at junction end of Cylinder 1 
produced by application of unit moment to 
junction endo 

B and C denote similar coefficients for Cylinders 2 and 3 
respectively, with the same subscripts and definitions as 
for Ao 

Note that 

are the negatives of the end conditions calculated by the 
above iterative process, or analytical process, due to the 
difference in sign conventions between Figures 3 and 4° 
Figure 5 shows Cylinders 1,2, and 3, situated as in Figure 
4 but with sign conventions as in Figure 3, and as used in 
these equationso 
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A 


Positive Positive 

0 Slop e__ \_Defle ction a xis x 


y 



Figure 5. View of Cylinders 1,2, and 3, Showing 

Sign Conventions Used in Equations (46), 
(47), and (4S)c 
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From statics, compatibility, and other considerations 


(46) 


Vol + ^03 


00 


ol o2 o3 00 

^ol “ 4 ^2 

4i “ 4 ^o3 

^ ^ol = '^2 ^ Kt 

'^ol " *3 '*'o3 

^ol^vp '*’ 

'*ol*inS “4. 

''o2®v^ ■" “o2®m* ”4 
^ “oaBmi =4 

''o3'^v* * “o3'^m#' “"^3 


V oC . + M f 
o3 o3 m5 




Solution of equations (46) yield; 


M 


_ ^2^1 ~ PiQa 


o2 


^1^2 


^1^2 


M 


o3 


= N1Q2 “ N2Q1 


(47) 


N P 
12 


N P 
2 1 


M = M 
ol 00 


M 


o2 


M 


^03 = tl/li)(Li - Jik^2 


03 

,M. 


Ki^^o3^ 


Vo2 = (l/l>i)(HrV,3 ” ^l''o2 - ^1^3^ 


^ol = ^00 


o2 


V 


o3 


where. 
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El 

= 

^v<#> 





E2 

= 






®3 

= 

^vg 






= 

\s 





El 

= 

■*■ 

®md> 




E2 

= 






E3 

= 

\s 

®m 6 




E4 

= 

^mg 





°1 

=r 






°2 

= 


^mct> 




°3 

= 






“4 

= 


C c 
m8 




«1 

= 

*01- 

%z ^ 

V A . 
00 V<P 

+ 

M A 

00 m<^ 

«2 

= 

^-ol- 

^03" 

V A . 
00 v<^ 

+ 

M A ^ 
00 md* 

"3 

= 

«ol- 

^02 

V A 

00 v6 

+ 

M A 

00 m g 

«4 

s: 

^ol 

S , + 

o 3 

V A 

00 vg 

+ 

M A 

00 m 8 

^1 

rs 

D^Ei . 

■ °iE2 




^2 

= 

D3E2 . 

■ “2E3 




^3 

= 

“ 4^3 ■ 

■ ° 3 \ 
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(48) 


‘^1 

— 

D2F1 


D F 

12 

^2 

= 

” 3^2 


D F 

23 

^3 


D F ,, 

4 3 


° 3^4 

■'l 

= 

° 2°1 


^ 1^2 

■'a 

ss 

° 3“2 


'^ 2^3 

■'3 

= 

V3 



^1 

= 

“ 2«1 


" l «2 


= 

D3H2 


^ 2«3 

^3 

= 

° 4"3 


" 3 \ 





^ 1‘'2 

“2 

= 

^ 3'^2 

- 

^ 2*^3 

^1 

= 

I2K1 

- 

^ 1^2 

^2 

=s 

I3K2 

“ 

^ 2^3 

«1 

= 

^ 2 ^ 


^ 1^2 

«2 


S "2 


^ 2^3 

Let 

• “ lx > 

' 2 x 


Cylinders 1,2, and 3 respectively. 




and M. 


L3 


represent the axial moments in Cylinders 1,2, and 3 caused 
by the thermal, pressure and axial loadings» 
and represent the axial moments in Cylinders 1,2, and 
3 respectively caused by application of a unit shear load 


to their junction ends. ^ni 2 > ^rn3 ^®P^®sent the 

axial moments in Cylinders 1,2, and 3 respectively caused 
by application of a unit moment to their junction ends. 
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The subscripts for V and s have comparable meaningso 
Then: 


Mix = 

^^Ll 

+ 

Voll\l 

+ 

%Ai 

M2x = 

%2 

+ 

^o2%2 

-f 

l^o2^l2 

11 

%3 

•f 

^o3\3 


^03^3 

Vlx = 

Vli 

+ 

Vol^vl 

+ 


V2x = 

Vl2 

+ 

^o2\2 

+ 

%2\2 

^3x = 

^L3 

+ 

^o3\3 


%3^m3 

®lx = 

®L1 

+ 

^ol®vl 

+ 

%l®ml 

®2x = 

®L2 

+ 

^o2®v2 

+ 

%2^m2 

®3x 

®L3 

+ 

^o3®v3 


%3®m3 


Substituting the results of (49) into (25), (26\ (27), and 
{2S) gives the desired stresses along the cylinders* 

In the above development it was assumed that the head 
and shell (Cylinders 2 and 3) were in fact cylinders and 
that their pressure stresses could be computed accordingly* 
Call this method Option 1* If one or both are not cylinders 
but some other shell of revolution (ellipsoid, cone, etc*) , 
an error will result in the stress computations by consid¬ 
ering them cylinders* (See problems 10 and 20, Appendix C*) 
One way to reduce this error is to use the above methods 
to obtain the reactions resulting from all loadings but 
pressure, and then superpose the separately calculated 
reactions due to pressure. Call this method Option 2* 
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Figure 6. Shell Head, and Skirt Showing R1 and R2<, 
Consider the shell and head shown in Figure 6o In 
this particular case the head is Cylinder 2 and the vessel 
shell is Cylinder 3 but the following development will 
allow a noncylindrical element for either the shell, head, 
or both. The vessel shell is a cylinder, the head is some 
other shell of revolution. R is the radius of the vessel 
at the junction, R^ is the radius of curvature of the 
meridian of the head at the junction, and R^ is the radius 
of curvature of the line in the head perpendicular to the 
meridian at the junction. From Figure 6, = CosO, where 

0 is formed by the axis and the tangent to the meridian at 
the junction. 
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From membrane theory: [ 3 ] 


(50) ^ , ^2 = £ 

H ^2 ^ 

where ^ and are the meridional and circumferential (or 
hoop) stresses respectively, p is the inner gage pressure, 
and t is the wall thickness» At the junction the axial 
component of ^ must equal ^ to satisfy staticSo There¬ 
fore : 

PRR2 PR2 


(51) CT = 


£R 


2tCos@ 2tR 
From ( 50 ) : 

(Ti 


2t 


(51a) CTj = Rj [E [e - 

Let ^’ be the radial deflection due to pre 


ssure. 




£_ y!ml 

2tR 2tJ 


There is also an inward radial force at the junction, 
due to the component ofC^ perpendicular to the axiso 


(53) =-0^tSine= -p^2 " 


The suggested procedure for computing the effects of 
pressure in Option 2 is first to calculate the inputs to 
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equations (4^) setting internal pressure equal to zero but 
considering all other loadings and external loadingSo 

o2 

and are then calculated and added to ^ „ and S V' 

^o3 o2 o3 00 

is calculated as the sum of the contributions of both 

Cylinders 2 and 3 and is added to Vo Using equations 

( 47 )s ( 49)9 ( 25 ), and (26), the longitudinal and circum^ 

ferential stresses are computedo However, it will be noted 

that these stresses contain only those pressure stresses 

caused by the dissimilar deflections and consequent bending 

of Cylinders 2 and 3° The direct membrane pressure stresses 

must still be added as follows: 



^x 

outer ~ 


outer 

(from 

(25)) 

+ 

(54) 

CTx 

inner “ 

<^x 

inner 

(from 

(25)) 

+ 0"^ 


outer “ 


outer 

(from 

(26)1 

+ ^2 


^ z 

inner ~ 


inner 

(from 

(26)) 

+0" 2 


These values may then be substituted into (2?) and (28) to 
obtain the equivalent stresseso 

Note that with Option 1 the effects of internal press¬ 
ure are calculated in the numerical solution of the differ¬ 
ential equations and therefore any variations in the 
parameters of either cylinder will be taken into accounto 
These variations will cause moments and shears in the 
cylinder itself before consideration is given to its junction 
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with the others 0 With Option 2, the only moments and 
shears due to pressure that are calculated are those caused 
by the dissimilar deflections at the junction end of each 
cylindero Either option treats all three shells as cylinders 
when calculating the effects of other than pressure loadingSo 
For this reason either option will err in treating axial 
force in a shell with other than zero meridianal curvature 
since, among other things, the cylindrical equations do not 
consider the radial component of ^Xo 
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4o Digital Computer Program 

At first the goal of this thesis was to develop a 
method in which a complicated hot skirt problem could be 
solved on a desk calculator in no more than a dajo This 
goal was not met due to the number of iterations necessary 
for convergenceo 

To make the method more useful, a digital computer 
program which closely parallels the method outlined in the 
previous section was written in the CDC 1604 Fortran 60 
languageo There are some small deviations in sequence of 
operations mainly due to the fact that the program progress- 
ively grew as it became more apparent that a manual solution 
was becoming impractical for any problem in which the 
parameters of the cylinders varied axiallyo A standard 
library program is used to solve equations ( 46)0 

The program also provides for longitudinal slots in a 
portion of a cylinder (usually the skirt)o Cheng and Weil 
[ 2 ] have indicated that slotting the skirt at the junction 
substantially reduces the stresses in the cylinderso 

The slots are considered narrow enough so that the 
loss of metal in them may be neglected,, The slotted section 
is considered to be a series of separate cantilever plates 
with no interaction between adjacent plates and, conse¬ 
quently, no along their slotted lengths, where 0“^^ is 
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the stress at the midplane in the z directiono There is 
of course some 0 ^^ at the junction end of a slotted skirt 

due to the strain of the junction itself and therefore 
this is not an exact representation of the actual situationo 
However provision is made in the program to start and end 
the slot at any distance from the junction one might choose, 
and a way might be found to simulate the junction conditions 
by starting the slot at some predictable distance from the 
junctiono This slotted shell capability was provided 
mainly so that others may have a useful tool for system^ 
atically investigating the effects of such slotSo 

The following alterations are made to the equations 
in the program at those stations where the cylinder is 
slotted: 

lo Q of equation (32) is set equal to zero since all 
terms except p are functions of interactions between 
adjacent longitudinal segments of the cylindero If 
the cylinder were slotted it could carry no internal 
pressure o 

2o For the same reasons all the terms except the 

term are set equal to zero in equations 

(26) o 

The program uses a midordinate integration scheme 
which, as programmed^ wastes about half as much memory space 
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in the computer as it employs<, It was originally used 
because it is systematic and very convenient for hand 
calculations. If limitations should thereby be imposed 
upon the utility of the program, more compact integrating 
methods could be used. 

The program was written so that only the minimum 
number of input cards necessary to describe the problem 
is required. For example if only the first and last 
stations of a cylinder are described, the program uses the 
cylinder parameters of the first station for the remaining 
intermediate stations and makes a linear interpolation of 
the thermal and axial load inputs. The internal pressure 
is assumed constant. See Appendix A for a detailed 
explanation. 

Three output options are available to the user: 

1. Only the maximum equivalent stress (based on the 
distortion energy theory) and its location is given 
for each cylinder. 

2. The inner and outer longitudinal, circumferential, 
and equivalent stresses are given for each station 
of each cylinder. 

3. The inner and outer longitudinal and circumferential 
stresses and the moment and shear are given for 
each station of each cylinder. 
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With each option all of the input data is repeated, and a 
short explanation of the output is printedo 

The program takes about one minute to compile and 
each problem requires from one half minute to one minute« 
It took about seven minutes to compile and solve the 
eleven problems in Appendix Co The program uses only the 
normal Fortran functions and language as described by 
McCracken CtJ and therefore should be easily adaptable to 
any large digital computer having a Fortran systemo 
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Conclusion 


E¥en though the method was developed specifically to 
solve the ’’Hot Skirt” problem, the reader is reminded that 
with suitable manipulations of the input, many other 
problems may be solved., 

The only restrictions are the following; 
lo Elastic behavioro 
2o Axial symmetryo 

3° Maximum of three shells arranged as in Figure 3° 

4o Constant internal pressure in Cylinders 2 and 3 only^ 
5o "Thin” wallo 

6o Linear temperature variation in radial direction., 

7o Configurations of shells such that their reactions 
to an end load may be approximated by regarding 
them as cylinders of the same radius, wall thickness, 
and materialo (Thus, treating a very shallow 
elliptical head as such probably would result in 
appreciable error.,) 

Some useful extensions of the development would be: 
lo A complete revision of the theory so as to include 
a radius of curvature in the x2 planeo This would 
eliminate the restrictions imposed by the use of 
the cylindrical equationso 
2 c An alteration to allow inelastic behavioro This 
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would probably take the form of a series of 
repetive stress calculations, increasing the 
loading until yielding begins, and then a different 
set of calculations until the full loading is 
appliedo 

3. A modification to accommodate ’’thick'’ shells such 
as are found in reactor pressure vessels» 

4. A modification to allow radially variable material 
parameters such as would be found in a reactor 
pressure vessel with internal cladding« 

5. Modification to include the moments due to axial 
forces acting through offsets in radii or through 
radial deflections» 
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APPENDIX A 


Instructions for use of Program Skirt 
These pages are intended to serve both as Appendix A 
of the thesis 

"Thermal Stress Analysis of Pressure Vessels 
with Cylindrical Skirt Supports" 
by James Pc, McManus, May 1964s 
and as an independent document describing the employment 
of Program Skirt to solve certain stress=analytical 
problems for pressure vesselso The theory upon which 
Program Skirt is based is developed in detail in the above 
mentioned thesiso Those interested in studying the larger 
document should make inquiry from Head Librarian: Uo So 
Naval Postgraduate School, Monterey, Californiao 

Given three axisymmetric shells joined together and 
numbered as shown in Figure (Al)o These shells may be 
subjected to the following axisymmetric loads: 

lo Changes in temperature proceeding axially along any 
or all of the shellso 

2o Changes in temperature (assumed to vary linearily) 
through the thickness of a shello 
3o Internal pressure in Shells 2 and 3 hut not in Shell 

lo 

4o An additional axial loading on any or all of the 


A1 








shellso (Could be the dead weight of one of the 
shells and its contentSo) 

5. A moment applied to the junction of the three shells 
by agencies external to the shells« 

6. A radially outward distributed loading applied to 
the junction by agencies external to the shells« 


Positive radial deflection for all cylinders. 


Positive slope for all cylinders. 


Cylinder 1 



IT-- Positive shear for all 

UU ^ „ 

cylinders 


M Positive moment for 
all cylinderso 


Cylinder 2 


Cylinder 3 


±x_axis__0-1 0__ axis_ _ -±x 

Figure Al. Positions of Three Cylinders and 
Sign Conventions 

Program Skirt solves the problem using simple numerical 
techniques. The user must choose a finite length for each 
shell such that loads applied at the remote end of the shell 
have no appreciable effect on the junction end, except that 
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axial loads are fully transmittedo Suggested values for 
the lengths are given in the remarks on Card 2o Each 
finite shell is then divided into n^l equal increments vyath 
the dividing stations numbered from 1 at the junction to n 
at the remote endo Data for each station such as shell 
parameters and loadings is either read into the computer, 
or created by the computer from data given about adjacent 
stationso 

Two options are available for computing the effects of 
internal pressure.. Either option may be used if the shells 
are uniform and are cylindrical or have small meridional 
curvature near the junctiono Option 1 is to be preferred 
if the shells are cylindrical or have small meridional 
curvature, but there are variations in thickness, material 
properties, etCo Option 2 is to be preferred if there are 
no variations of thickness or material properties but the 
meridional curvature at the junction is not smallo Neither 
option is capable of obtaining accurate results if the 
shell is not relatively deepo 

The following assumptions have been made in the program 
1» The three shells act as elastic cylinderso The 
shells may have ’’slowly variable” radii, thickness, 
and material properties, but are still treated as 
cylinders from station to station» 


A3 



I 

i 

i 


I 






2» Temperature varies linearly through the wall thick- 

T10 3 3 o 

3<. Shear and curvature are negligible at the remote 
endo If there are nonlinearities near the remote 
end such as variation in the shell parameters, non¬ 
linear axial thermal gradient, or a changing radial 
gradient or axial load, the values of stress 
obtained near the remote end will be inaccurateo 
Description of Input Cards 

The input consists of all the parameters necessary to 
describe the problem plus some control parameters to direct 
the method of solution and the format of the outputo In 
the descriptions below the items given from left to right 
are: Column Numbers, Format, Parameter, RemarkSo IVhen a 

parameter has an ”1'' Format Field, its last digit must be 
in the last column of its field. 

Card Type I (One card only) 

1-10 110 Problem number May be 1 through 999o If 

it is zero or blank, the 
program stops, 

11-20 110 Output option 1, 2, or 3 

number 1 Only maximum equivalent 

energy stresses* and loca= 


^Equivalent on basis of distortion energy theory. 















21-30 

FlOoO 

Externally 

applied moment 

to junction 

31»40 

FlOoO 

Externally 

applied shear 

to junction 

41“50 

FlOoO 

Pressure 

51-60 

110 

Code for hand¬ 
ling pressure 


tion given for each 
cylindero 

2 Longitudinal j, circumfer¬ 
ential and equivalent 
stresses given for each 
station of each cylindero 

3 Longitudinal and circum¬ 
ferential stresses, and 
moment and shear given 
for each station of each 
cylindero 

Positive if causing com¬ 
pression on outer surface 
of Cylinders 1 and 2o (Mo¬ 
ment per unit circumferenceo) 
Positive if directed radially 
outwardo (Shear load per 
unit circumferenceo) 

Gage pressure in Cylinders 
2 and 3o 

If 1, Option 1 is usedo (See 
aboveo) If 2, Option 2 is 
usedo 














61-70 FIO.O Minimum 


The minimum value of a frac- 


fraction tion C . used in the 

min 

averaging routine for assis¬ 
ting convergencec Recommend 
from o06 to „08o If left 


Card Type 2 


1- 5 

15 

Cylinder number 

6-10 

15 

Number of 



increments 

11-15 

15 

Interval of 


printout for 
input data 

16-20 15 Exponent for 

forcing 
convergence 


blank, o06 substitutedc. 

Values less than c06 might 
be necessary if divergence 
is experienced. 

(Three cards required) 

1, 2, or 3- Must be in 
sequence. 

Maximum of 100. 

Example; If 2, every other 
station reported; if 5, every 
fifth station reported, etc. 
Suggest S to 12. If diver¬ 
gence is experienced, use a 
higher value. The higher 
the exponent, the greater 
the computer time required. 

11 substituted if left blank 
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21-30 FlOoO 

31“40 FlOcO 

41“50 FlOoO 

51-60 FlOoO 

61-70 FlOoO 


Minimum x 

Maximum x 

Convergence 

criterion 


Value of X at 
beginning of 
slots 

Value of X at 
end of slots 


See belowo* x at junction 
endo 

See belov/o^ x at remote 
endo 

Suggested values from oOl to 
o05o This is an approximate 
indication of the relative 
error in the resultso 
Smaller values require 
longer computer timeo 
For use vdth longitudinally 
slotted sylinderso 

For use with longitudinally 
slotted cylinderso 


Card Type 3 (Two or more cards for 

each cylinder) 

1“ 5 15 Station number 1 through n, where n is the 

number of increments plus oneo 


*The program allows x, the axial dimension in inches, 
to be other than zero at the junction if the user so desires<> 
It is recommended that the length of the cylinder be approx¬ 
imately six times the square root of the radius times the 
wall thickness, or SVato 
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6-20 

Fl5,0 

Young * s Modulus 

at this station 

21-35 

F15o0 

Mean radius of 

cylinder 

at this station 

36-50 

F15o0 

Poisson’s ratio at 

this station 

51-65 

F15o0 

Wall thickness at 

this station 

66-SO 

F15o0 

Thermal coefficient 

of expansion at 

this station 


Note: There must be Cards 3 for the first and last stations» 
The first station is number 1 and the last is n® If 
there is no card for an intermediate station, the 
values for the previous station are substituted» 
Therefore to change a value, simply feed in a card 
for the appropriate stationo The cards submitted 
must be in numerical sequence by station number. The 
minimiim number of Cards 3 for a cylinder is two, the 
maximum number is n. 

Card Type 4 (Two or more cards for 

each cylinder) 


1~10 


110 


Station number 
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11-20 FlOoO 


21-30 

31-40 


Note: 


1-10 

11-20 


Mean temperature 

Temperature at inside wall 
minus temperature at outside 
wallc 

Total axial load imposed 
upon cylinder due to all 
causes except pressureo 
Positive if causing tensiono 
Note' that this is not load 
per unit circumference, but 
total loado 

There must be Cards 4 for the first and last stationso 

If no card is submitted for a series of stations, a 

linear interpolation of the temperatures and load is 

made between stations that have cardso The cards 

must be in sequence® Same minimum and maximum number 

of cards as with Card 3« 

Card Type 5 (No cards or two cards) 
(Used only when Option 2 is used for pressure stresses®) 

FlOeO Radius of meridian at junction® (R^ in Figure 

k2^ Infinity substituted if blank® 

F10®0 Radius of circumference at junction divided by 

the cosine of the angle between the tangent to 


at this station 
FlOoO Radial tempera¬ 
ture difference 

FlOoO Axial load 
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the meridian and the axiso (R 2 in Figure A2) 
Radius of junction substituted if blanko 


Note: There must be Cards 5 after the last Card 4 for 

Cylinders 2 and 3 whenever the pressure Option 2 is 
usedo 

— __ Skirt 



Figure A2^Shell, Head, and Skirto Showing 
R^ and R^o 

Following is an example of the sequence of data cards 
for the input of one problem to the program» 


AlO 















Pressure stress 

Pressure stress 


calculated by 

calculated by 


Option 1 

Option 2 


Card 1 

Card 1 


2 

2 


3 

3 


3 

4 

3 

4 

Cylinder 1 

4 

4 


2 

2 


3 

3 


3 

3 


4 

4 

Cylinder 2 

4 

4 


no card 

. . 5 . 


2 

2 


3 

3 


3 

3 


4 

4 

Cylinder 3 


4 

4 

no card 

5 


-Denotes the series of Cards 3 and 4 necessary to describe 
the problenio 

If the problem involves fewer than three cylinders, the 
effects of the cylinders not to be considered may be elimina¬ 
ted by setting their length equal to a very small numbero 
The program will still give results for these shortened 
cylinders but they might be inaccurate due to round off 
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error and should be ignored« 

The minimum fraction (columns 61-70, Card 1) and 
exponent for forcing convergence (columns 16-20, Card 2) 
are values used in an averaging process to assist in 
obtaining convergence of the numerical solution of the 
fourth order differential equation of a cylinder« These 
values are named and m respectively in the main body 

of the thesiSo 

The convergence criterion (columns 41-50, Card 2) is 
multiplied by the maximum radial deflection of the cylinder 
and this value is compared with the change in radial de¬ 
flection at each station for the last two successive 
iterationso If this change for every station is less than 
the maximum deflection times the convergence criterion, 
convergence is deemed to have been attainedo 

The program is stopped by placing a blank card in 
place of Card lo 
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APPENDIX B 


Listing of Program Skirt and Logical Flow Chart 


List 

of Variables in Main 

Body of Program 

Name in 
Program 

Counterpart 
in Thesis 

Description 

A 

Numerous 

Inputs to continuity and 
statics equationso (Equa¬ 
tions ( 46 ) in thesis, 
reduced to 6 X 6 arrayo) 

AA 



Instruction code for inte¬ 
gration subroutine ’’Zigzag’' 

AAA 



0 if no divergence exper¬ 
ienced in problem; 1 if 
divergence experiencedo 

AINC 

- 


Number of increments,, 

AL 



Coefficient of linear 
thermal expansion 0 

AMBAR 

M* 


Junction end moment plus 
the moment necessary to 
compensate for that imposed 
by the radial thermal 
gradients 

AMO 

Ml 


Moment at junction endo 

AMOO 

Moo 


Externally applied moment 
to junctiono 

AV 

A 


Deflection at junction endo 

AX 

’'or 

Mor 


, The end shear and moment 
for each cylindero 

B 

Numerous 

Inputs to continuity and 
statics equationso (Equa¬ 
tions ( 46 ) in thesis, 
reduced to 6X6 arrayo) 
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BM 

M, 

Moment in cylinder wall per 
unit circumferenceu 

BMl 

% 

Moment in cylinder wall 
caused by thermal, pressure 
and axial loadings <> 

BM2 


Moment in cylinder wall 
caused by applying a unit 
shear to the junction endo 

BM3 

M 

m 

Moment in cylinder wall 
caused by applying a unit 
moment to the junction endo 

BV 

B 

Slope of a straight line 
drawn between radial defleC' 
tions plotted for junction 
and remote endSo 

CURVE 


Axial ciirvature of cylinder 
wall o 

CX 

(k)(x) 

O 
, X 

II 

o 

X 

CXI 


^^CXdX 

CX2 

c« 

^^CXldX 

C 

k 

Pressure necessary to in^ 
crease the radius of the 
cylinder one inch. 

Cl 

- 

^^CdX 

C2 


/o^CldX 

E 

E 

Yoimg’s Modulus 0 

El 

D 

Axial stiffness of a unit 
width segment of the 
cylinder wallo 

ERROR 

» 

Convergence criterion 
fractiono 

FM 

C 0 
nan 

Minimum fraction in conver- 
gence assistance routineo 
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FRAG 

G 

Fraction used in conver* 
gence assistance routine<, 

FX 

f(x) 

Deviation of radial deflec¬ 
tion from a linear functiono 

FXC 

(k)f(x) 

FXC = CFX)(C) 

FXGl 


^^FXCdX 

FXG2 

- 

y^^FXCldX 

FIX 

fl(x) 

/J^GldX 

F2X 

f2(x) 

Normalized FlXo 

GX 

g(x) 

y^X(BM/D)dx 

H 

t 

Thickness of cylinder wall<, 

IGYL 

» 

Cylinder numbero 

lEXP 

m 

Exponent in convergence 
assistance routine» 

IIF 

- 

Printout option., 

ING 

n-^1 

Number of equal increments 
into which the cylinder is 
divided 0 

ING2 

- 

(2)(INC) + 1 

IND 


Interval of printout of 
input datao 

IPROB 


Problem number» 

IV/ILL 

Option 1 or 2 

Pressure stress calculation 
option. 

JJ 

- 

Code for type of calculation 
presently in progress. 

K1 


First station in a sequence 
in which the loadings were 
not read into the computer. 


B3 




K2 


First station in a sequence 
in which the loadings were 
read into the computer» 

K3 

- 

(K2 - K1 + 2)/2 

L 


Station number where maxi* 
mum F2X occursv 

LL 


Station number where maxi* 
mum deflection occurs.. 

NAA 


Number of Iterationso 

PSI 

P 

Internal pressureo 

PSIl 

P 

Internal pressureo 

R 

a 

Radius of cylindero 

R1 


Meridional radius of curva* 
ture of at junction^ 

R2 

«2 

Radius of curvature of line 
perpendicular to meridian 
at junctiono 

SIGl 


Longitudinal membrane stress 
due to pressure 0 

SIG2 


Circumferential membrane 
stress due to pressureo 

SL 

ds 

dx 

Axial slope of cylinder wall 

SLOT 


Value of X at end of slotso 

SLOTl 


Value of X at beginning of 
slot S o 

ST 

2 

Stress at surface of wall of 
an infinite cylinder sub* 
jected to a radial tempera* 
ture gradiento 

STCI 

(T" . 
z inner 

Circumferential stress on 
inner wall surfaceo 





STCO 

(T 

z outer 

Circumferential stress on 
on outer wall surfaceo 

STLI 

cr • 

inner 

Longitudinal stress on 
inner wall surfaceo 

STLO 

^ outer 

Longitudinal stress on 
outer wall surface.. 

TL 

T 

Mean temperature» 

TLINC 

_ 

Increment cf linear inter¬ 
polation for TL» 

TP 


Number of 53 word blocks 
needed to store one para¬ 
meter of cylindero 

TPI 


Total number of 53 word 
blocks necessary to store 
on tape the intermediate 
values of one problemo 

TR 

AT 

Difference between inner 
and outer wall temperatureo 

THING 


Increment of linear inter¬ 
polation for TRo 

UM 


Poisson’s ratioo 

V 

V 

Radially outward directed 
load per unit circumference 

VBAR 

- 

Constant shear imposed at 
junction endo 

VBARl 

- 

y^%BARdX 

VO 

'^1 

Shear at junction endo 

VOO 

V 

00 

Externally applied shear 
force to junctiouo 

VI 


Shear in cylinder wall 
caused by thermal, axial, 
and pressure loadingso 
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V2 

Vv 

Shear in cylinder wall 
caused by applying a unit 
shear to the jimction end. 

V3 

Vm 

Shear in cylinder wall 
caused by applying a unit 
moment to the junction endo 

WT 

(P^)( 27 ra) 

Total axial load caused by 
all influences other than 
pressure« 

WTINC 

- 

Increment of linear inter¬ 
polation for WTo 

W 

Q+^(A+Bx+f (x)) 
a- 

Distributed axial loads 
applied to cylinder includ¬ 
ing simulated thermal loads 

W1 

- 

^%dX 

W2 

- 

>^%ldX 

X 

X 

Axial dimensiono 

XDEL 

- 

Length of interval between 
stations.. 

mkx 


Value of X at remote endo 

XMIN 


Value of X at junction® 

Y 

s 

Radial deflectiono 

Y1 

Sl 

Radial deflection of the 
cylinder wall caused by 
thermal, pressure, and axia! 
loadings® 

Y2 


Radial deflection of the 
cylinder wall caused by 
applying a unit shear to 
the junction end® 
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Y3 s„ 

m 

Radial deflection of the 
cylinder wall caused by 
applying a unit moment to 
the jinction endo 


The following variables are those used in Subroutine Zigzago 


Variable 

Description 

A 

Instruction code for integrationo 

B 

Interval length» 

D 

Integrands 

E 

Integrals 

M 

(2)(number of increments) + Is 


The following variables are those used in Subroutine Answero 


A 

Equivalent stress on outer 
wall surfaces 

B 

Equivalent stress on inner 
wall surfaces 

BM 

Moment» 

C 

Outer longitudinal stresso 

D 

Inner longitudinal stress» 

E 

Outer circumferential stress» 

F 

Maximum equivalent stress» 

G 

Inner circixmferential stresso 

KK 

Denotes whether maximum equivalent 
stress is on inner or outer surface 
of walls 

KKK 

Station number of location of 
maximum equivalent stresss 

L 

Cylinder numbers 


B7 






M 


Number of increments» 


N 

Printout code. 

NN 

Problem number. 

V 

Shear, 

X 

Longitudinal dimension. 


The symbols used in the following logical flow chart are 
from the '’Flowcharting Template,” Form X20~S020, of Interna- 
tional Business Machines Corporation, and are described beloWo 
The numbers in the locator (circle) and connector (inverted 
house) correspond to the sequence numbers at the extreme 
right of the program listing. 


Symbol 

Use 

Oval Terminal 

The beginning of end of a program. 

Circle Locator 

The location of the first statement 
of the following operation in the 
program. 

Trapezoid Input/Output 

Any function of an input/output devic 

Inverted Connector 

House 

An entry from, or an exit to, another 
part of the program flowchart. 

Diamond Decision 

A decision is made for routing to 
different branches of the program. 

Rectangle Processing 

A group of instruction performing 
a processing function. 


Subroutine GAUSS2 is not charted or listed because it is 
a standard library program for solution of simultaneous 
linear equations. The subroutine was written by C, B, Bailey 
and is listed in ”F2 UTEX LINEQN,” CO OP Manual for CDC 1604, 
December, I960, 
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SKIRT (continued) 
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SKIRT (continued) 


= 1 





ENTER INPUTS 
TO CONT. AND 
STAT. EONS. 
ffITH LOADS 
APPLIED TO 
CYLINDER 1 


SAME INPUTS BUT 
LOADS APPLIED 
TO CYLINDER 2 


AME INPUTS BUT 
.OADS AP'^LIED 
[TO CYLINDER 3 


CORRECT Y, 
AND BM. 
CALCULATE ST. 

w r 0. 


.TireiTE TAPE 
1 ST,E. 



SAfffi INPUTS niri] 
UNIT SHEAR 
APPLIED TO 
CYLINDER 1 


SAME INPUTS 
UNIT SHEAR 
AP'LIED TO 
CYLINDER 2 


BUT 


SAME INPUTS 
UNIT SHEAR 
UPPLIED TO 
CYLINDER 3 


BUT 


SAME INPUTS BUTl 
UNIT MOMENT 
IPPLIED TO 
CYLINDER 1 


SAME INPUTS BUTt 
UNIT MOMENT 
APPLIED TO 
CYLINDER 2 


SAME INPUTS BUT 
UNIT MOMENT 
APPLIED TO 
CYLINDIR 3 
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SUBROUTINE 

ZIGZAG 


SUBROUTINE 

READ 


SUBROUTINE 

ANSAER 
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APPENDIX C 


Sample Problems 

Elementary problems were set up to show the capabili¬ 
ties of the programo No pretense is made that the values 
used are representative loadings. The problems are des¬ 
cribed below. No significance should be attached to the 
numbering system of the problems. A summary of the equi¬ 
valent stress in each cylinder of each problem is given in 
Table 1 and sample printouts of problems < 0 , 21 , 223 ^ 05 , and 
90 along with the input cards for these problems, are given 
after page C6. 

Problem 10 - Three identical cylinders, 16 inches long, 50 
inch radius, 0.5 inch wall thickness, Young*s Modulus 
3 x 10 "^ psi, Poisson’s Ratio 0.3, thermal coefficient of 
expansion 7 O 7 X 10-6 inches/inch '^F, number of increments 
25. 100 psig internal pressure in Cylinders 2 and 3 3 no 

thermal or raechnical loadings other than pressure. The 
method of solution used was Option 1 (See Appendix A). 
Printout option 3o 

Problem 20 - Same as problem 10 except Option 2 used for 
calculation. In cylinder 2, R^ = 50 inches, R 2 = 50 
inches; i.e., hemispherical head. In Cylinder 3, Ri is 
infinite, R 2 50 inches. 

Problem 21 - Same as problem 20 but printout option 2 is 


Cl 



used 


Problem 22 “ Same as problem 21 but printout option 1 
Problem 30 = Same as problem 20 with following thermal 
loading added 

Cylinder 1 Medial wall temperature “ T - 300 - 


Cylinders 2 and 3 T = 300 + 200(l-e“°®^^^) ®Fo 
Problem 40 “ Same as problem 30 with the followdng thermal 
loading added: 

Cylinder 1 Axial temperature difference -/iT - 0 for all Xo 
Cylinders 2 and 3 AT = (25) (Tj_/T 2 _) 

where is the median temperature at station i and Tj is 

the median temperature at the junction^ 

Problem 50 = Same as problem 40 with an axial load addedj 

Cylinder 1 Axial load - P^ = =5000 = 47o5x Lbo 

Cylinder 2 P* = 3500=47o5x Lbo 

Cylinder 3 P* = =1500+47c5x Lbo 

Problem 60 = Same as problem 50 but the thickness of 

Cylinder,,! is progressively reducedo 

Thickness of Cylinder 3 
OoOfx^2o56 o5 Inches 


2o56^x^5o76 

5«76^x^Co96 

So96^x<^12o16 

12o16^x£16o0 


o45 Inches 
o40 Inches 
o35 Inches 
o30 Inches 


C2 







Problem 70 =• Same as problem 60 bub Cylinder 1 (skirt) is 


slotted from x = 0 to x - 10 incheso 


Problem SO - Same as problem 70 but externally applied 

moment and shear are addedo 

External moment = M = 500 lHtjLb 

oo in 


External shear =7 = 500 ^ 

oo in 

Problem 90 •= Same as problem 20 but length of cylinder 1 i 


reduced to 10“^ inches, 


effectively eliminating it from 


the problemc 




Equivalent Stresses in Sample Problems 
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Discussion of Results 

Since the sample problems are somewhat complex and are 
used mainly to display the capabilities of the program, the 
purpose of the following discussion is mainly to point out 
those results which the writer felt most interesting and 
to offer what seem to be plausible explanations of these 
resuitSo 

Problems 20 and 90 have no loadings but pressure and 
differ only in that 20 has a skirt and 90 does not In 
comparing the stresses in Table 1 of Cylinders 2 and 35 . it 
will be noted that the addition of the skirt did not 
grossly affect the stresses or their locationso The 
stresses did increase somewhat due to the moment exerted 
by the skirt upon the junction, but this increase was 
partially balanced by the skirt*s constraint on the outward 
movement of the junction^, This may be seen by comparing 
the circumferential stresses of Cylinders 2 and 3 of the 
two problemso The results for Cylinder 1 of problem 90, 
should be neglectedo 

Note that the application of an external moment and 
shear on problem SO considerably changes the equivalent 
stress at the remote end of Cylinder 3 from what it was in 
problem 70o, Since the length of the cylinder was supposedly 
chosen such that a force applied at the junction should not 


C5 




affect the remote end, this change in stress might be 
puzslingo However the junction end moment in Cylinder 3 
of problem 70 was =8^ in-lb. and in problem 80 was -559 
in-lb., an increase of over 500^. Also the junction end 
shear increases from 59 Ib/in to 471 Ib/in, an increase of 
about 700%. Since, due to the sign conventions for Cylinder 
3, (See Figure 5 of text) a moment and shear of opposite 
signs have a cumulative effect on the moment, this 14 
percent change in stress at the end is not unreasonable. 

From the printout of problem 80 it will be noted that 
at station 25 of Cylinder 3 the stresses seem to change 
radically from those of the previous station. The probable 
reason for this is that in this particular cylinder a large 
nonlinearity is imposed upon the whole length of the 
cylinder by the decrease in wall thickness. Such a non¬ 
linearity will create internal moments and shears in the 
wall. However we are still forcing the shear and curvature 
to be zero at the end (Station 26) and therefore a large 
compensation occurs near the end. For accurate results 
near this point, a longer cylinder must be used with more 
intervals. 


C6 





DATA CAROS 


o 

CM 

z 

UJ 

CD 

o 

CL 

a. 


c. 

a 

.0000077 

.0000077 

.0000077 

C 

N 

o 

. 

IT 

c 

iT^ [7^ DT 

. • . 

c 

c 

CM 

O 

Ui 

100. 

.01 

.3 

.01 

.3 

.01 

.3 

C 

• • . 

o o o 

U* 

rr 

. • . 

o o o 

uo m m 

c 

rr 

• • • 

o o o 

C 

CN 

o o 

o *"o o 

o o o 

Q_Q^O 

VO O’ 

UJ 

dD 

z 

1 

30000 

1 

30000 

1 

30000 

0_ 

z?c 

z- 

z 

z 

oui ^<3 •m ^<3a 

CMCM <MCM CslOCM CM< 

in 1- 

3i7 

-j 

o 

o 

m^'O 2 

CM CM CM ^ 

a 


c: 

oc 

.0000077 

.0000077 

.0000077 

C 

h- 

o 

. 

i/" 

< 

QT 17^ JA 

• . . 

c 

< 

CM 

c 

iT 

CM 

100. 

.01 

.3 

.01 

.3 

.01 

.3 

UJ d 

•j -4 

CD 

O 

^ J 

• . . 

O O <3 

a. u' 

rr 

50. 

50. 

50. 

C 

rr 

i i 9 

a a o 

C 

CN 

o o o 

o o o 

O_Q O 

«/)i7 

oc^ 

UJ 

CD 

z 

25 

30000 

25 

30000 

25 

30000 

n _ 

Z3C 

z»- 

z 

z 

^'oui *^<3 •in r“«oa 

CMCM CMCM CMOCM CM< 

in <j 

Z3i/ 

•J 

o 

u 

2 

CM CM CM < 

a 


o 

o 

o 

o 

o 


1^ 


o 

o 

o 

o 

o 


r- 

r- 

o 

o 

o 

o 

o 


o 




ITT 


< • 


“UT 


ITT 


C 

< 


rr 


c 

IT 


•-K) 

OO • 

O • 


■^=T?T 

O • 



CM 

CM 


CO 

o 

a. 

a 




o 

in 




VNVIU 





















































uo 

Q 

er 

< 

O 

< 

>- 

< 

o 



C'Q 

f^O 


■Scv) 


T=T3T- 

oo • 

o • 


o 

o 

s: 

UJ 

CO 

o 

cc 

a 


t/yir 

oc— 

LU 

CO 

2 . 

Z' 


3U1 


O 

o 


o 

o 

o 

o 

o 


r- 

o 

o 

o 

o 

o 


h«- 

o 

o 

o 

o 

o 


TTr 


“i?r 


■■;=Fr 

o • 


■"?=T7r 

O • 


o 

o 


oo 

otn 


m 


o 

m 


ofo^3 o 

csl ^ ^ • 

o o 

o o 

o o 

o o 

o o 

o o 

rn_ro 


o 

o 

o 

f^ ' c r 

o 

o 

o 

m 


oin »—om ^«o tui 

CM CMCM CMOCM 

\n 


_Q 

CM 


CM 


CM*-0 

CM 


CM 

































tn 

Q 

ry 

< 

U 

< 

< 

o 



CCM 

<3 


^=T!-r 

oo • 

o • 


o 

c^ 


CD 

o 

oc 

a 


t/jir 

a:»- 


CQ 

2 . 

z 


3ir 


o 

o 


N. 

o 

o 

o 

o 

o 


o 

o 

o 

o 

o 


o 

o 

o 

o 

o 


"uT" 


“i 7 T“ 


•—ro 

O • 


o • 


o 

o 


oo 

oin 


o 

in 


o 

m 


rr o 


ofnQ 

cvj ^ • 
O 

o 
o 

i-TT- 

o 
o 
o 
m 


o 

o 

o 


o 

o 

o 

m 


o 

o 

o 

o 

o 

o 


om '-'Om 

CM <MOJ CVJOCSJ 

m 


_g 

CM 


CNJ 


eg—>o 
eg 


eg 







































uo 

o 

fy' 

< 

U 


< 

o 



Ccs) 


oo • 

o • 


o 

c^ 

5: 

ut 

u 

CQ 

o 

a: 

0, 


t/flT 

oc#-. 


CO 

2 . 

Z>C( 


z 

X. 

3ir 

o 

u 


o 

o 

o 

o 

o 


r- 

o 

o 

o 

o 

o 


o 

o 

o 

o 

o 


TTr 


“or- 


~fy) ~ 

o • 


o • 


o 

o 


oo 

otn 


o 

ID 


o 

ID 


rr o 


oroQ 

cvj ^ • 
o 

O 
O 

O 

o 
o 
ro 


o 

o 

o 


oui »-'OlD 

csj cvjcg 


o 

o 

o 

m 


o 

o 

o 

-5=XT- 

o 

o 

o 

ro 


CMOCvl 

ID 


_g 

O) 

<j 


CM 


CM—O 
CM 


ro—o 
CM 
































I 





• o 

• o 

• "O 


*^599°°®®°°‘^®^OC>C>000000000000 
* I I t I I I I I I I I I t I I I I I I I I I I t I 
X -JUJUJLUUJUJLULULUUJLULUUJUJLUUJUJUJUJUJUJLULUUJLUUJU 

< oooooooooooooooooooooooooo 
99^29®®®®®o®®ooooooooooooo 
oooooooooooooooooooooooooo 

<d.90000000000000000000000000 
nn.f. ‘ I I • I I • t ♦ I I I I I 

LULU U->UJIAJ LULU LULU lulu LLI LI lUJ UJ n it i M I f ' * ‘ ^ LMI P *| f 

^ Oooooooooooooooooooooooooo 
®^S'99®9^® ®®®o®®®ooooooooooooo 
ioooooooooooooooooooooooooo 

<5-00000000000000000000000000 

I I.. I I I » I I I Til I I 

OV- UJUJllJUJUJUJUJUJlXIUJlliUJUJIJJUJUJUULlJUJUJlLIUJUJLUUJUJ 

oooooooooooooooooooooooooo 
X oooooooooooooooooooooooooo 
oooooooooooooooooooooooooo 


• o 

• o 

*-0 


_IO^ 

—OiTTlIIIIIttllltliiiiiTTiTJ 

** 99999999 °‘^®°®®°‘^‘^oc>o®ooooo 
§§§§§§§§g§§igg§§g§§§§§gg§g 

itooSooooooooooooooooooooooo 

O tJUJUJUJ UJ UJ UJlUUJUJlUlULUttJUJUJlUUJlUUJ UJ UJOJUJ UJllJliJ 

oooooooooooooooooooooooooo 

u < 

■®m?9999999°9®oo°oooooooooooo 

* ' I I I I I I I I I I I I I I I I I I I I 1 t I I 

o ►-UJ UJ UJ UJ tu Oi UJ UJ UJ UJ UJ ID UJ UJ UJ UJ LU UJ OJ UJ UJ UJ UJ Hi OJ lIi 

® 29®®°*^®®°°®°®‘^®0000000000 

X oooooooooooooooooooooooooo 
oooooooooooooooooooooooooo 


ox 

KZ 


0:0 

wn^ 


« X » 

• O (T 

mz -U 

• »- o 

• I ID 

• IDU 

• OOViOZ 

• I ZOOlD 

• ID0200 

• 003 •« 

• OQ.O UJ 

• o a. > 

• *I z 

• o»- It o 

• ZOXO 

• «I 

• X UJO»<0 

• •-Oh-< 

• xoo 

• O I 0.-0 

• XLD •UiD 

• »-0 I 

• ZO IDO 

• «-o o 

• X *20z 
m 000 


• Z(j a — 

• 02 O t- 

• in *- o M I- o 

• o ^ a: 

• 2 <JXO U. 

• inot-o 

• ax ID 

• 2 OLLO O 

• LDOID X z 

• Xl—O— ID 

• ID ^UJX o 

• Qcoa.»-< a 

• OLUO-t-X UJ 

• 2 —<0 0 > 

••“3 _JU.«-Z 

• o.omo u 

• u.a.< o 

• 040aczt> 

• -tlDOZX 

<at- o—IDO 

t-UJZQC 2 t-ZX 
<cCUJ<^00»- 
CXXID-J 4 CLZ 
3 OI> 0 CX — 
^ 2 xmijiDiDX 


^JJjY®®®®®®°®®®0*-^0000000000000 

a o UJ UJ UJ UJ m UJ UJ UJ UJ UJ UJ Ui ID ID ID ID ID ID ID ID ID ID ID UJ ID LLI 

ujuoooooooooooooo 000000000000 
z oooooooooooooooooooooooooo 


-jinoooooooooooooooooooooooooo 
'<>> I I I I I I I I I I I I I I I I I I I I I 
^ 2 UJ UJ UJ UJ ID ID ID ID UJ ID UJ UJ UJ UJ UJ UJ UJ UJ ID ID ID UJ ID UJ UJ UJ 

Xoooooooooooooooooooooooooo 
000000000000000000000000000 
^oooooooooooooooooooooooooo 

►-mmu^ininininminmmu^minmininininu^ini/>inininin 


ino<- 


UJUJ 

-JCD 

eox 

03 

QC 2 


ttO 
— 2 
X — 


-OOOOOOOOOOOOOOOOOOOOOOOOOO 
I I I I I I I I I I I I I < I I I t I I I I t I I I 

mu HJ iLumii null itii LI ill i^i j lijllj ^ n j p iij^i ||H ^ ^ | ^1 ^ pn | 

ma 00000000000000000000000000 
•- oooooooooooooooooooooooooo 
g oooooooooooooooooooooooooo 
fn tn fo tn in tn rn rn fn rn fn in fn rn fn f<n rn rn rr fo fo rn («n fn tn tn 


300000000000000000000000000 

^+ + ♦ + ♦♦ + ♦+ +♦ + ♦♦• + ♦•♦• + + ♦♦ 4 -+ + + 

O UJ ID UJ UJ UJ UJ UJ UJ UJ ID ID ID ID UJ UJ ID ID UJ UJ UJ ID UJ UJ UJ ID ID 

<00000000000000000000000000 

OCOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOtXJOOOCJOOCJOOOOOOOOOOOOOO 

mu^lJ^lnlnm mm ininininmininmmminu^ininuMninin 


_£ 300 000000 00 0000 0000 oooooooo^imn 

ZJ+ 4 - + 4 - + + 4 - 4 - + + 4 ''*’ + + 4 - + 4 ' + + -*' + +..*. 4 - + 4 - (MCM 

3 3 ID ID ID ID UJ UJ UJ ID UJ ID ID UJ UJ UJ UJ UJ UJ ID ID ID UJ ID UJ UJ ID UJ 

ooooo 00000000000000000000000 
^ 999 ®®®®®®®®c>®®ooooooooooooom«/>m 
X oooooooooooooooooooooooooo ZZZ 
• *000 
mm mmmmm mmmm mmmmmmmmmmin fnminm ^« 

x 2—*—0 000000000000 

OOO ooooo OOOOOOOOOOOOOOOOOOOIDUJUJ 

•“! I + 

►-UJUJUJtDUJUJLUUJUiUJujyjUJUJIDHMDU‘U- K I M l l U l UJUJUJUJ ■ ri^»^ 

< 00000000000000 OOjJ-COCM'OOJ' 00 CM «00 

O O O CD CM-O O Jt 00 CM-O O j-CD CM-O O CM 00 m ^ 00 -S'O h-in OILIL IL 

00 jf cMO'mcMoojj-f-r^ j» O'Ocno'-ooo^cMCMmjt ^m-o 000 
•o ^CM m m ^ m m-o r-K 00 00 O'^ ^ ^ ^ a Of cr 

UJUJID 

< o«—cMm j}’m'Oh-ooo'0^cMm^m'Oi^ooo'0--cMcn^m'OX X X 

|-Z —•-CMCMCMCMCMCMCM 333 

222 


• X N- 

• U Of 

• 2 —O 

• » O 

• I UJ 

• 001^02 

• I 200 Ui 

• UJ3200 

• 003 •a' 

• 0^0 ID 

• O Q. > 


• X ujom 

crS2^< CM 

• xoo o 

• 310—0 I 

• XUJ •CDUJ ID 

• —>0 I m o 

• 20 IDO o 

• —o o • 

• X .202 o— 

• oou CJ 

• — 2 ♦ 

• K ►- OID 

• 20 a —o 

• 02 o ^o 

• m—oiiN- 00 

• cMt-nxm < • 

• o — Qfin 

• 20 X 0 u. 

• «/> 3 t -0 

• t--> OCX UJ II 
•2 OU.ZJ OCM 

• ujoui 3. za 

• X^ —O— ID 

• ID -JIDX o * 

• a;oa.^< a— 

• ouja.i-x IDO 

•z —<0 o>+ 

• —_J -JU.—ZID 

• o-Oino oo 

• u.a.< 00 

• O<O 0 ' 2 H- o 

• -JUJOZX • 
<eifh- o—uj 3 m 
l-UJZa2l-2X 
<eouj<i-ioO— 
oxxujo<a.z II 

30 X>Qfx — 

i-2xmou.ujZGf 


«u.00000000000000000000000000 

59 * ' * * ■ I I I I I I I I I I I I I I I I I I I I I 
a OUi ID ID UJ UJUJID ID UJUJID ID ID ID UJUJID ID ID UJUJID ID UJUJID 
IDOOOOOOOOOOOOOOOOOOOOOOOOOOO 
X OOOOOOOOOOOOOOOOOOOOOOOOOO 


^!^ 19999999 °®°®°®°®°®®oc>oooooo 

59 ••***•• I • I I I I I I I I I I I I I I I I I 
X z ID ID ID ID ID UJ ID ID UJ ID ID UJ ID ID ID ID ID ID UJ ID ID ID ID ID UJ ID 

XOOOOOOO 0000000000000000000 
oooooooooooooooooooooooooo© 
—oooooooooooooooooooooooooo 
►-mmmmmmmmmmmmmmmmmmmmmmmmmm 


2 —oooooooooooooooooooooooooo 

9 ^•• I I * I I I I I I I I I I I I I I I I I I I I I 

m< ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID UJ ID UJUJ UJUJID ID IDUU ID 

maooooooooooooooo 00000000000 
— oooooooooooooooooooooooooo 

mmmmmmmmmmmmmmmmmmmmmmmmmm 


300000000000000000000000000 

7“'*‘*’'*''*''*''^'* + + '*’ + + ^ + 4‘ + + + 4- + + ++ 4'4' + 
<J UJ UJ ID UJ ID ID ID UJ ID UJ UJ LD UJ UJ ID ID UJ ID ID UJ ID ID UJ UJ ID ID 

<00000000000000000000000000 

OCOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOCJO 

mmmmmminmmmmmmmmmmmmmmmmmmm 


^00 000000000000000—tnm 

33UJUJUJUJUJUJUJUJUJUJUJUJLUmUJlln| 111 ^IIIU HJJUJU M JJpJ'lf 

999999 °°‘=^°°‘^°ooooooooooooooo 
^ 929999999999 '^®°ooooooooooooininm 
5:0000000 00000000000 00000000 ZZ Z 

mmmmmmmtnmmmmmmmmmmmmmmmmmm——— 
^ 2 ——00000000000000——————aa a 

OOOOOOOOOOOOOOOOOOOOOOOOOOOIDUJUJ 
^1 I + 

h-UJUJIDUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJIDUJUJUJUJUJUJUJ— — — 
<99OOOOOOOOOOOOOOJtCDCM-0OjrcDCM'0O 
O O O CD CM O O J-CD CM-O O J'CO CM >0 O CM CD m—CDO I''-m O U. U. U. 

o o jf CM O'm CM CO jf—jf o o »n O'-o o o—CM CMjf jf m-o o o o 
'O—cMcnm^ mm>or-r-.coooo'———————a a 

ID ID ID 

< o—CM m ^ m-o h-00 O'o — cMm ^ m'Oi'-00 O'o—cMcn -o X X X 

f-Z 

in 22:2 


































f 



<0000000000000000000000000 

UJ+ + +4 I i 

X UJ UJ LU UJ LU UJ UJ 111 lii LU lU UJ UJ UJ UJ LU UJ UJ UJILJ UJ UJ UJ UJ LLI 

CO o in o* CT ro O'o m m o 00 o tr eo rg tM h-<M ^ CT ^ ^ fo 
mco m ^ cgcgrorg^ O'CO cr O'® mo 

J ^'OrOrOh-3“rOO»-»-rornrOCM»--Of'—'OCMOOCVirOin 

« ^0^:a-CM^;aTO®»-»-»-»“*-*-»-®h^® J“rOCM^®Csl 

* I i I I I I I I I I I I I I I I I I 


<<00000000000000000000000000 

I I I I I i t I I I I I I I I I I I I I I I I I I I 

^_iinLLJiniimjiuujiiitniiJiiituLuujQjimmuQji^ujmimij^mjj 

< 00000000000000000000000000 
00000000000000000000000000 

OOOOOOOOOOOOOOOOOOOOOOOOOO 


* z 

*u 


X 

o 

zro 

X.OC 

UJUJ 

-i® 

eox. 

015 

QCZ 

a. 

a: 

h^LU 

0:0 

^z 

co^ 

> 

1-0 

a 

I 


• o 

« 4 

4Ui 

*0 

• o 

*0 

• • 

• *-• 

* 

* 

• X 

* 

* X 

m Z) 

« x: 


o 

o 


z 

o 


40 a: 

• z -O 

o 

• I UJ 

4^00 mo 
40omoz 

4 I ZOOUJ 

4 mozoo 

4000 *0: 
4 OCLO UJ 

40 a > 
4 -X z 

4 o— II O 
4 zoxo 

• — I 

4 X mom 


t zo8^ 


o 

I 


* ^0 1 ® 

0 

• zo ®o 

0 

• «o 0 

• 

• z -zoz 

'O^ 

• aoo 

0 

* i-i •— 

z + 

• K K 

om 

• ZO OC 

•-*0 

• OZ 0 

KO 

• ®'«o n K 

00 

• euK-jx® 

< • 

• 0 

oc® 

• zozo 

u. 

• ®Z5I-C5 


• K-) cj:z 

® II 

*Z OU-Z5 

OCM 

«mo® z 

ZQC 

•ZK^O— 

m 

^ m _i®x 

0 • 

» a:oa>-< 

oc® 

* omc^KZ 

m>- 


4Z»-<0 0>'“' 

4-'-J -JU..-ZZ 

4 aomo o^ 
4u.a< ou. 
40<0QCZ»- Z 
4 omozz:<-< 
<o:k O'-ujo 
K ujzoczi-zzm 
<®m<t-ioO'— 
03:aLm-j<a.z 
30i>-a:x^.- 
KZxmou.ujza: 
o 


< 0,00000000000000000000000000 

I I I I i I I I I I I i I I I I I i I ( I I t I I I 

o o uim mm® m mujm ujm ® UJ mm UJ UJ ® UJ ® UJ mmuj m m 

< OOOOOOOOOOOOOOOOOOOOOOOOOO 
eca OOOOOOOOOOOOOOOOOOOOOOOOOO 

a.00000000000000000000000000 

... 


<XOOOOOOOOOOOOOOOOOOOOOOOOOO 
*-m I I I I I I I I I I I I I I I I I I I I I I I I I I 
Oh>mmmmmmmujmmmmmmmmmmmmmmmmmuj 
m OOOOOOOOOOOOOOOOOOOOOOOOOO 
X. OOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOO 


«J u, o <0 O o ^ >0 <0 « ^ >0'O >0 O'O >0 O O <0'O ^ >0'O O >0 >0 ® 
< 0.00000000000000000000000000 
xmI I I I I I I I I I I I I I I I I I I I I I I I I I 

OmujuiujujLLmjuMuujijjijjujMJujujuJiijmtjjiijiijuiujujm 

moooo00000000000000000000000 

I OOOOOOOOOOOOOOOOOOOOOOOOOO 



_imoooooooooooooooooooooooooo 

<mI I I I I I I I I I I I I I I I I I I I I I I I I I 

xzmmujmmmmmmmmmmujmmmmmmujmmmmm 

3<:oooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOO 
•-•OOOOOOOOOOOOOOOOOOOOOOOOOO 
I... 

h-in® in in in in in in in in in inin in in in inin in in in in in in in in 


Z'-'OOOOOOOOOOOOOOOOOOOOOOOOOO 
OK I I 1 I I I t I I I I I I I I I I I I I I I I I I I 
m<mmmmmmujmmmmmmmmmmmujmmmmmujm 
mot: 0000000 0000000000000000000 

•-• OOOOOOOOOOOOOOOOOOOOOOOOOO 
g OOOOOOOOOOOOOOOOOOOOOOOOOO 

rororo^0f0roror0f0l0^o inroroinro rornrorororofoporo fO 


m^ ^ ^ ^ I—^^—• IF- 

OOOOOOOOOOOOOOOOOOOOOOOOOO© 

<-•44444444444444 + 44444444444 

ummmmmmmmujmmmmmmmmmmujmmujmmm 
<00000000000000000000000000 
OC OOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOO 


®®®®®®®®®®®®®®®®®®®®®®®®®® 


ODOOOOOOOOOOOOOOOOOOOOOOOOOO»-rOPO 
Z_I4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 CM«M 

^Duiujiijujiiiiijmmimijujmmujujiijumjujujijjujiiiujujtij 

aOOOOOOOOOOOOOOOOOOOOOOOOOOO 

>aoooooooooooooooooooooooooommm 

3EOOOOOOOOOOOOOOOOOOOOOOOOOOZZZ 

.. 

poropopopopoporopopopopoforopororopopoi'ororopopornro^i—^-^ 

KKK 

<<< 

X z o o o o o o o o o o o o o o ^—oc a: oc 

ooooooooooooooooooooooooooommm 

•-•I i + + + + + + + + + + + + + + + + + + + + + + + +h-KK 

K mmmujujmujuj*^<mujuju-*u ‘Mjuju ‘ujm miiuiujujuiujuj— 
<0000000000000000:3-®CMOO:^OCg®0 
U O O ® CM'O O JS-O rg o o ® eg <0 O CM ® ® •-® O h-ro O u. u. u. 
oojS'<MO'®cMOJS‘^r--S'0'OPOO''Ooo»-cgrgroja--4‘inoooo 

.... 

«o^ eg po ro ® ® <0 K K ® o O'^ ^ ^ ^ ^^ a: oc «: 

mmm 

CD CD® 

< 0*-CM ro ® O K ® O'0»-CMPO ®'OK ® O'O »“CM PO ® >0 Z Z Z 
P-Z *-»-f-#-cgCMOJCMCM<M<M300 

m 


K CM ^ o o o oeg 

zooooooooooooooooooooooooo 

m 4444444444444444444444 | I \ 

jf mmmmmmmmmmmmmmmmmmmmmmmmm 

OOeg^ pn»-O'OPOPO® ® ® O'CMCM0»-® POCMO'O'® 

z o O'm ^ CM O'® ®'O o O'o o po ;:f po eg • ® eg o'O o po 
0 ' 00 ;S“' 0 ®,s^j‘ 0 ^inK® 0 '^-;s-®pno®® 0 '®cM— 

•-pOf-Jf'OK ® ® ® K'O ®popoeg-* •—O'm POf-® po K 
I I 


UJ 

o ® 
eg z 
ZJ 

z 

QC 

m oc 
® m 
z a 

15 Z 


>- 

O 


oc 

o 


m «jPO ro po po po popo po po eg eg eg eg <M^ ^egcM eg CM CM ^^ 
m<0000000000000000000000000 

m*- + + + + + + + + + + + + + + + + + + + + + <*> + + 4 > 

och>mmmmmmmmmmmmmmmmmujmmmmmmm 
K Z o O'O O CM ® eg o ® o PO ® K K ® —• ® o PO ® O'm O CM 
mm 0 »-* K ® K K® ^K O'O CM PO C^ cr »-cr POKPOK K ^ 
CJC ®K ^ K fO O''OCM'O*-O'^K ® CM K O—CM*-O •-'O 

a:uj .... 

m u. po po m po (M CM ^ ^ cr K po •—'O-• <0^ ^ ^ ^ ®'O po 

ZZ I I I I I I I I I I 

Z 3 

OC 

O 


mjpoPOPOPOPOPOCMCMCM'-egcMcgegegegegegcMCMegcM#--'.- 

m<ooooooooooooooooooooooooo 

m—4 44444444444 + 44444444 + 444 

lVl» 11 111 III IIJ 111 111 I q I HJJH I II I II HJJ^I f i n ^ l< m m f ll i q f ll 111 • 

KZOCM,J:^cr®-a^o®K^po;tf^® j-i—'OPn®'Oeg; 9 ®cM® 
mm®J■eg»-•-P 0 ®P 00 'CM 0 'C^Kpn' 0 P 0 C 7 'O®K®•-®p 0 -• 
oc egegpo® ® CM'O cr OKPOCMK O'® oeg cr-S'o >0 POK'OK 

o^m ••••••••••■•••••••••••••• 

mu.® jt poeg—-KPO»“ CT'egpOpnpOPOpnPOCMegcM»-»~ 0"OPO 

KZ I I I I I I I I I I I I I I I I 

z>z> 

Oo 


o 


=5 

m m«jPOcMCMPOPOPOPOPOPOPOPOPOPOCMCMegcMCMcgeg—00 

m m<ooooooooooooooooooooooooo 

oc mz 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4-♦• + + +4 4 
oc—•mmmmmmmmmmmmmmmmmmmmmmmmm 
K O® O O O'Cr ® ® O'® ® 1 ^ C^ PO® O'O Cr K JS-® CMCM® O CM 
®D^' 0 W^®®(^CMCMP 0 K®' 0 ®®^P 0 ' 0 d“' 0 O®®egC^*- 
^K,^CDinC 5 inOOOOO^K®PO''^JfU^ODPnr-^^^®»—^K 

moeg®cM'—•—•-cMCM»-r-^^»- 0 'K®,;s-po<M—®,a-cMK*- 
ZZ I I 

zo 


® mrocMCMPompr ipp ipp impopnpnpncMCM CMCMCMCMCM^^ •—o o 
®<ooooooooooooooooooooooooo 

mz4 + + + + + + + + + + + + + + + + + + 44444 + 

C 3 C—'mm®®®®®®®®®®®®®®®®®®®®®®® 
K O ® O o O'O® O'® ® O'PO® O >0 C^K ® CMCM® oeg 
® 3 »—' 0 P 0 ®®C 7 'CMCMPnK®' 0 ®®,:^®' 0 ;^' 0 O®®CMCr*— 
K ® ® O® ® 00 C 7 'K ® PO»-,:J-® ® PO JS-® •-'OK 

.. 

m OCM® CM CM CM^(TK ® PO CM*-* ® CM K— 

KZ I I I I I I I I I I I I I i I I I I t I I I I 


XZ^*“ 00000000000000 *—— 

OOOOOOOOOOOOOOOOOOOOOOOOOO 
•-*1 I4++ + + + + + + +4 + + + 4 + + + ++ + 4 + 
KmitjmmmiijmmujujmmiijiiJ4Jujuj^^jMjmm*^^®ujiu 
<0000000000000000 J-® eg' 00 ;^®eg '0 
o o o® CM'O o ^ ® eg o o ® cM'O o CM® in*-® OK po 
O o-3-eg O'in CM ® ^ K :S“ o'O ® O''O o o *-eg CM ® .a-^ ® 


g 5 *-*-CMPn®:»®®>OKK®® 0 '*-*-*-*-*-^^*-*- 

< 0 *-egpn; 3 -®'OK® cr Oi^egpo,d“ ®<)K o O' 0 *-cMPO JS-® 
KZ —^cMCMCMCMCMCM 

































I 



I 




PROBLEM NUMBER 20 


^r-^^ooooo'*^*—oooo^^ 
<0000000000000000000000000 
UJ+ 4 * + ^> + 4 ' 4 ' + + 4 *^<f 4 ‘ 4 ->| I | 4 > + - 4 >-fl I 

1003 or-'Oh* ^ como'O^ CM cr ^ ^ fo o e^fo^ 00 
^ a'fOOOOOOOCSICSI^ ^ CM 00 e* CM 00 <Mf^ <M 00 O O ^ OQ 

f-moo cor-tnro o ^ 'Ofo r-jr'OCM h-m js- m O'm 

CMCMCM<MCMCM<MCM^^^0D'O;S‘CM^rO-^^'-'-^^C‘iD 

I i t M I I I I I I I I i I i I 


^<MfMfM<M^^^^^*"»^ 0000 000000 OO*-^ 
ZOOOOOOOOOOOOOOOOOOOOOOOOO 
UJ 4 * + + + ♦ + ♦ ♦ 4 - +-f-f 4 --f ♦-f ♦ 4 - -f-f *♦■ 4 - I I 
Z UJ UJ UJ LU UJ UJ uu Ui UJ UJ LU UJUJ UJ UJ LU UJ UJ UJ LU LU LU UJ UJ UJ 

0^ooo^l^o0'0'0^ro^n^0'0^^^o<^ ^ o^n 0(M^■^-^-^• ^ 

ZO• 3 ’r- 00 ^ 0 DO^^^O 00 '-<^^ 0 ^ 0 'OOCM^/)CMU^^C^^- 

'O^cMOocMr-rO'-p-moo'^r-ouimocMroro^flor- 

^ O'h-ui ^ focM ^ *o^^ro uiin fOCM^ o ^ 

I I I I I I I I I I I I 


oc p-om o o^*-»-o o o o 00 o^ 

<0000000000000000000000000 

UJ 4 ' 4 - 4 - 4 - 4 . 4 *| 4 - + 4 - + 4 - 4 ' 4 » 4 - 4 * 4 - 4 - + 4 - 4 . 4 -( I | 
X LU LU LU UJ LU UJ LU UJ UJ UJ UJ Ui LU UJ LU UJ UJ LU LU UJ LU LU UJ UJ UJ 

(/)^-tf»-cMr-eD'Oj-oa'oouT'nin^rotnror-cMin-;tf-jtmm 
^ ^ O'^ m r-m m0000c^^ oorncMPO ODCM^ o o^^ o 
CM O'OOCM 00 O'CMr-m^CMfO CM^ O O'^ e"0 rOUl^ 00 CM 

0 ‘'Oa'm^i^cMu^cr^^^'-^^oor-vr>^mcM^®fo^ 
I i I I I I 


h-^ 0 «-p-^p-*-p-p-*-*-*-*-^*-*-^*- 0000 »~p"CM 
ZOOOOOOOOOOOOOOOOOOOOOOOOO 
UJ ♦ 4* 4« ♦ ^ 4* 4* ♦ ♦ 4* ♦ ♦ + 4-♦ ♦ + 4- + + + 4* I i | 

Z* LUliltijliJUJlUlUUJU-*tJJUJUJUJllJUJtU»^ i m II 111 I II in luiiuin 

o rr) in ^ ID 00 ro O'CM o ro j-o O'o r-O'CM u-K) O'CM r -03 
X o ui 00 CM o o ^ o 00 r-'O ^ 00 o 00 r-^ ^ ^ o;» m o ^ ^ 
ornoo^ooDOoocMinr-oocMmo^ooocM;»cMCM'OCM 

»n 00 CM inor-00 r-r-oin ^ < 3 -^cM^in^m 

I I I I i I I I I I I I I I I I i t I I I I ( 


inurnrorornfoforornrorofornrnfofornronnrornrornfororn 

in<ooooooooooooooooooooooooo 

IUn^ 4 * 4 . 44 - 44 * 4 ' 4444444 * 4 * 4 - 4 >*f 44 - 4 - 444 - 

^ UJ LIJ LU LiJ UJ LU LLILU UJ LU UJ LU UJ UJ UJ LU UJ Ui LU UJ UJ LU UJ UJ UJ 

r-z ou-»oo omojinf-cMor-'0*-r-ocor-r^ orooocMrocMO 
c/) Lu r-o^ ^ o ^ u^ cMfo ooiD mr-o m o ooocMi/) o cMior* 
oc*—o^r-ro^o eor*-' 0 ' 00 ' 0 'Or-r-ooa 30 DO o o 000 


CM Luitr-^oininin^^.d'^j’j*-3ru^inin 

zx 

QC 

UJ i-40 

CD ec 

X M 

z> u 


cc 

UJ 

o 

z 


ec 

o 


tn jfofororofo rn ^^fnro rnrofornrorororo rnrorofoforo rnfo 
cn<ooooooooooooooooooooooooo 

UJ»-» 44*4- + 4*444>444*44*4>444-4-4*44'4444 

Of ^ LU UJ UJ UJ LU UJ LU UJ UJ UJ UJ UJ UJ UJ LLi UJ LU LU LU UJ UJ UJ UJ LU UJ 
►-z»-ooDro^mmo^'OOomoojjor«-oaj^>0'0^cM*- 
uoujr-^oom o om ooor-r-'O^^oo ^oocMuiooocM^ 000 
oomcM^ o o ^ CM CM »o ^ m Oh -0000 o o o o o o o o 
.... 

h-x 

00 

ec 

o 



m 


OC 


UJ 

0 

00 

CM 

X 


3 


Z 

ec 


UJ 

OC 

CO 

UJ 

X 

0 

i 

z 



X 

> 

UJ 

u 

-J 


to 

OC 

a 

0 

ec 

u. 

a 

^/) 


h- 


^/)•J^o^om^nforororn^oro^nm^nro»«^^^ ^ ^ J- 

wo<ooooooooooooooooooooooooo 

UJ^-M* 4’4*44-4*4*4'4-4-4'4-4*4-4-44-44*4*4-4-4*4>4' 

h-UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 

>-z^^^mcM'0'0*-.-m‘nor-p-r-u^o*-cMCM—or-^cM 
i/)ujmcMOKior-ror-r-mu^fc»ooooDOO'-»-*^»-oooo 
-rf'O 00 CM O O o O'CM-3-o r-o o o o o o o o o o o o 

ocuj ... 

uju--oo'or-r-r -00 ooooo o o o o 

zx 

zo 

ec 

u 


uo-J^o^r)^0 romro mm J9-^ J-Jcr ^-4-^ ^ ^ ^ ^ 

<n< 00000000000000000000000 00 

UJ'-'-f 4>4‘4>4*44‘44*4‘4*4-4'444*4*4-44'4>4-4'44 

Of UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 

H z o o oO'O'^ ^ CM GO O'in h-00'O m o o CM 03 ^ 00 un CM 
m UJ <^ o^^ o O'O'O'o^cMmmmmmmCMcM^^^o o o 
Ocinu^mo'oo-or'-ooooooooooooooooo 

OCUJ. 

UJ U-m ON-OD000^ O' 
h-X 
33 
OU 
OC 

u 


3 

t/> injmmmmmmmmmmmmmmmmmmmmmmmmm 

UJ uxooooooooooooooooooooooooo 

OC UJZ 4 ' 4 * 44 « 4444444 - 4 * 4444444 * 4 ‘ 4444 - 4 ' 

fiC M UJ UJ tU (JJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 

►-O'©o omr-r-mo'O ^ o or-00 003 omuim'O 
wo 3 ^ r^ m o o ^ r-ro o ^ o ^ o ^ K *0'O 00 o CM ^ o 00 o 
w-00 o ^ r-m CO r-u? m ^ o O'O'00 00 00 00 CD o o o O'o 

OC— .... 

UJ o 00 ooooh-r -*0 oo uiu>u^uiu> ^ Jt ^ ^ ^ ^ ^ ^ ^ 

zz 

zo 


3 

wo m jmmmmmmmmmmmmmmmmmmmmmmmmm 

UJ O0<0000000000000000000000000 

ec uJZ 44 > 44 - 4444 > 4 * 4 > 44 * 4 ' 444 - 444 - 4 > 4 ' 44 * 4 * 4 * 

QC ^ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ LU UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 

H-o—r-oD^r-uor-cMCMr-^—c^ o r-minr-oo—000 >0 o 

wo 3 mOO O'CMCMf^CMUOCM^CMCMOf'-CMUOUOrOO ^f'-flO O'o 

w-jt cMm M) m—o—CM jt o CO o cMmuo or -00 00 o o o o O' 

oc« .. 

UJ o oul j#-m m mmmmm mm jj-^ ^ ^ ^ ^ ^ ^ ^ 

zz 

zo 


wo jmmr»irr)forr>rr>mmmmrr)fnmrrimmmmmmmrr)mrr) 

wo<ooooooooooooooooooooooooo 
UJ2 44'444-4-444'4-44'4-4*4'4-4'4-4-444*4*4*4- 
QC—UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 
KOj»‘^oin>o—ou^mmr-oj’'OOp-mcMOcMor-u^r-jt 
i/) 3 uo CM ^ o m m ^ O'00 ^ u^ m o CM m m CM o CD m m— o 
^—UO O'm CD CM O O CM ^ O 00 O'o o——o o o o o 

oc^ ..... 

UJ —CM CM mm m^r ^ ^ ^ if uiuimi/>in u^mu^u^iTun in 

r-z 


wo«immrf)mmmmmmr»)pr)mmrr)mmmmmmmmmmm 

W0<0000000000000000000000000 
UJZ 44«4-4'444«4>4-4-4'444444'4-4-444*444« 
QC ^ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 
HOOO'mcMominroflOflomo'O'—^mr-infOfMOOCMJt— 
wo 3 'O o O'o r-r-CM r -00 r-r-o CM r-^'O o in m—o o 
inr-o m o 00 o 00 f^inm^ O'r-m CM—^ o o 00 o 


OC*-... 

ujom ^ m o o «oo'O o'O o'Oinuoininuouououom uouoinin 
r-z 
30 
0-1 


KZ—OOOOOOOOOOOOOO^*-*-— 

00000000000000000000000000 

— I |444 + 44444'4444444444'44>44 

r-l-ILIlUl JJ < ^J UJUJ UJ UJUJUiJlUtULUUJUJ^^U J **‘ii-‘i^l^Ji**l^^i-‘-Mi* * 

<OOOOOOOOOOOOOOOO^OOCMOO^ODCM<3 
U O 000 CM'O O OOCM'O O OOCMO OCM ODin—00 or-m 
O o ^ CM O'incMflo r-^ o om O'o o o—cMcMm^ in 

..... 

>o—cMmmj^inin>or-f^ooooo'———— 

< O—CM m u^ <3 r-00 O'o—CM m ^ ui o r-00 O'o—CM m d-m 

^,-^^^^r-f-p-^CMCMCMCMCMCM 


xz—00000000000000—“ 
00000000000000000000000000 
— I | 4 - 4 - 4 - 4 - 4 - 444 - 4 - 4 - 4 ' 4 ' 4 - 4 -«rM' + 44 . 4 . + 4 ' 4 - 
H* UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 
<OOOOOOOOOOOOOOOO^OOCMOO^OOCM '0 

00 ococMO o oocMO o ^oocM'OOcMflom—00^ or-m 
o o CM CMn CM 00 —r-^ o o m O'o o o CMCM m ^ d-m 

.... 

o ^—CM mm- 3 -u^in'O r-r- 03 o ^^ ^ 

< o—cMm j-in^or-ooo'o—cMm^in^r-floO'O—cMm-^-un 

r-Z ^^^^^^^^^^CMCMCMCMCMCM 

wo 

















































t I 1^ 



I 





HOT SKIRT PROBLEH NUHBER 21 
CYLINDER NUMBER 1 


O 

I 

UJ 

o 

o 


X 1-^ 

u 

Z P-O 

M O 

I iU 
UJU 
OOL/>OZ 
I ZOOLU 
UJ3ZOO 
003 


<<oo 

*-0 I I 
X^LUUJ 

< oo 
oo 
oo 


-JU.P-F- 

< 11.00 

OOUJOI 

< oo 
0 ^ 0.00 
zoo 

LU • • 


<zoo 
•^Ui I t 
a^aiui 
ai oo 
z oo 
oo 


-iU.'O'O 
< 11.00 
zui I I 
OCOUJUJ 
LUOOO 
X OO 


h-K 


jt/)oo 
<uj I I 
XZtUUJ 

xoo 

ooo 

•->oo 

I • * 

Kin in 


Xt-t 

> 

>-u 

o 

X 


00.0 ui 



«oao UJ 



O 0. > 


mo*-*- 

«o a > 


mo^^ 

• X z 


Zi-iOO 

* vX Z 


ZmOO 

N O 


OH- 1 1 

• O'- H o 


OH 1 1 

zoxu 


in<ujuj 

♦ zoxu 


1/)<UJUJ 

1 


in 0^00 

• ^ 1 


mocoo 

K iUOm 


«-i oo 

• X ujom 


<-« oo 

lOO^^ 

s 

o oo 

CL • • 

Szo 8 ^^ 

s 

n oo 

o. P p 

3 1 0»-0 

1 

mm 

♦ 3 ( o»-a 

I 

mm 

zuj touj 

UJ 


• ZUJ POUJ 

UJ 


»-*0 1 m 

o 


• p^o I m 

o 


ZO UJ 3 

o 


• ZO UJ 3 

o 


^O O 

• 

300 

• mO o 

p 

300 

z pZOZ 

o 

*-•+ ♦ 

• Z tzoz 

Op- 

1-1+ + 

oou 


uujuj 

• ooo 

o 

C3UJUJ 

PM 

z 

<oo 

• ^ PM 

z + 

<oo 

^ H 

o 

ocoo 

• H 1 - 

QUJ 

QCOO 

ZU tf 


oo 

• ZO oc 

«o 

OO 

oz o 


• • 

• oz o 

HO 

p P 

int -3 N H 

u 

mm 

♦ m*-i 3 K>- 

UO 

mm 

(MKnxm 

< 


• CMH--^Xm 

< • 


u ^ 

a: 


• u ^ 

m 


zozo 

u. 


• zozo 

11 . 

1/)U)HH 

mOKO 


0300 »-mm 

• m 3 H -0 


0300 »-mm 

h-n QCZ 

UJ 

Z3-f-f CMCN» 

• H“> OCZ 

UJ II 

Z-J++ CMCN 

Z OU.3 

o 

33UJUJ 

• Z OU.3 

OCSI 

33UJ11J 

ujouj z 

z 

oooo 

• UJOUJ z 

zo: 

OOOO 

Zh-'-» 0 «-' 

UJ 

>OOOi/>t/>co 

• Z^mO«-> 

UJ 

>oooi/>mi/> 


<<oo 

I I 

X-JUJUJ 

< oo 
oo 
oo 



• m 




• UJ 


3U-P— 


• X 


<U-00 


*o 


MM 1 1 


• z 


OOUJUJ 




< oo 


• 


OCZOO 


• p— 


zoo 


• o 


UJ p p 


• + 


H 


• UJ 




• o 




• O 


ZZp-i- 


• o 


<zoo 


• p 


MUJ 1 1 


• ^ 


OHUJUJ 


• 


UJ oo 


• 


z oo 


• X 


oo 


• 

CM 

p p 

ec 

• z 

o 


UJ 

• 3 

1 


CD 

• z 

UJ 


z 

• M 

o 

311 .'O'C 

3 

• X 

o 

<u.oo 

ZCM 

• < 

p 

ZUJ 1 1 


• z 


QCOUJUJ 

ZfiC 

• 


UJOOO 

UJUJ 

• 

z 

X OO 

303 

• 

o 

H HH 

(OZ 

• 

M 

p p 

03 

• 

oc 

HH 

o:z 

• 1 /) 

UJ 


a. 

• Ul 

H 


oc 

• X 


3mp-^ 

HUJ 

• u 

z 

30000 

ecQ 

• z 


<UJ 1 1 

•-•z 

• t— 

o 

3ZUJUJ 


I UJ 

P-1/) UiO 

ooinoz 

I ZOOUJ 
OIOZOO 
OOO •« 


xoo 

uoo 

N^OO 

X • • 

»-inin 


• UJ 3UJX O 

00 

zoozzz 

• ill 3UJX O * 

00 

ZOOZZZ 

• eeoaH< oc 

z 

P *000 

«ZOZH< Z^ 

z 

p pOOO 

• UUJZHZ UJ 

ill 

mm*^ 

• UUJZHZ iiJO 

UJ 

fom^Mp- 

•Zm<0 o> 

H 

HHH 

• z»-><o o> + 

H 

HHH 

• ►^3 3Z^Z 

UJ 

<<< 

• m3 3ZP-ZUJ 

UJ 

<<< 

• ZOo^O O 

z 

xz—.-zzz 

• Z0(/>0 oo 

z 

XZ—P-ZZZ 

• za< o 

< 

0003UJUJ 

•ZZ< UO 

< 

OOOUJUJUJ 

• O<O0CZH 

z 

•-i 1 +HHH 

•0<OZZH O 

z 

^ 1+HHH 

• 31UOZZ 

< 

HliiUjMMM 

• 3UJOZZ • 

< 

h'UJIlJl->MP-4 

<aH O'-'UJO 

z 

<oo 

<ZH OMOiom 

z 

<oo 

HUJZGCZH-ZZ 


ooozzz 

HUJZZZHZZ 


ooozzz 

<C0UJ<mUO^ 

z 

oooooo 

<(0UJ<*-pUOm 

z 

OO'OOOO 

OZZ33<ZZ 

U) 

3 p p 

OZZUJ3<ZZ N 

UJ 

3 • • 

30X>ZXm 

o 

P-ZZZ 

30X>ZXp— 

o 

P-ZZZ 

Hzzmuzujz 

z 

UIUJUJ 

Hzzmuzujzz 

z 

UJUJUJ 

3 

M 

CO CO CO 

3 

M 

CDCOCO 

z 

3 

<Op-OZZZ 

z 

3 

<o—ozzz 

z 

> 

HZ CM333 

z 

> 

HZ CM333 

M 

u 

00 zzz 

M 

u 

VO zzz 







HOT SKIRT PROBLEM NUMBER 
CYLINDER NUMBER 3 


Z t>ororof>o roro*» )pnfororororoPO<M(N (NfMCMCMcy ^ 

0</)0000000000000000000000000 
t-*UJ 

^ OC UJLUUJUJUJLIJIiJUJUJUJUJUJUJliJUJUJUJUJUJUJlliUiUJUJUJ 

QC h-r* ro h-•© O'm inin m <M fo ^ CN) h-eg CM <N <Mn o r*-00 cr o 
OoocMCM»n h-or^ o*ri o oro»-ro o-» oou^cg*-coo 

^ ^CMfor^ j>»-ooor-»nfO<Moe-CM<7'r-r-a'Csje-ror«-»nr-> 

..... 

•-< o j-m eg CM <N CM ^ ^ ^ ^ ^ ^ 00 h-ro CM eg ^ r-cr <0 m 
OQC 


-lO—— 

<«oo 

-o I I 
XUUJUJ 

< oo 
oo 
oo 


</) 


• LU 


OLL^f- 

• I 


<LI.OO 

• o 


-i-i 1 1 

*z 


OOUJUJ 

• M 


< OO 

« 


cKiaoo 

• ^ 


xoo 

• o 


LU • • 

* ♦ 


h- 

« LU 

• O 

• o 


ZCL — *- 

• o 


<xoo 

• • 


NlUJ 1 1 

0 ^ 


Oh-LULU 

• 


LU OO 

• 


X OO 

• X 


OO 

• eg 


• • 

• at o 

• 3 1 

• X LU 

• « O 


lUU.'O'O 

« X O 


<Li.OO 

• <. • 


XUJ 1 1 

• X — 


QCOLULU 

• 


LUOOO 

« z 


X oo 

• o 


h- NN 



• • 

« oc 


NN 

• L/) LU 

• LU N 

• I •-» 



«U C£. 


oinoo 

• Z —U 


<UJ 1 1 

0t^ O 


2ZUJLU 

• 1 LU 


xoo 

• ^OO LUO 


UOW 

• oooooz 


—oo 

• 1 ZOOLU 


X • • 

« LU3ZOO 


h-mu^ 

• 003 •CC 

• oao UJ 

• o a > 


voo--*- 

• •! Z 


z«oo 

• O— M O 


ON 1 1 

• zoxu 


i/)<UJlU 

• ^ 1 


ooecoo 

• X LUOOO 


« oo 

*i58*— 8 


g 

•310—0 1 


NIN^ 

NIM 

OOE 

E-C 

USE 

OOE 


Ln^»- 

• -*o o • 


300 

• X tZOZ o*- 


hi^ ♦ 

• OOO o 


OIULU 

• « Z4- 


<oo 

• H- N OLU 


QCOO 

« zo oc i-fO 


OO 

• OZ O 1-0 


• • 

• U0«3MN UO 


mu^ 

• egh--oxoo < • 

• u <-• of:m 

• zoxo u. 


LninNN 

• Ln3H-o 


0300—^o^o 

• N “> Q£ X LU II 


Z-J^^ egeg 

• z OU.3 Ljeg 


33UJLU 

• LUQLU X zoo 


oooo 

• Xl-«0« LU 


>-aoOL/)<n«n 

• LU 3LUX O • 

oo 

xoozzz 

• QCOCL»-< QCLU 

CC 

• *000 

• ULUO-I-X LUh- 

LU 

fONT-* — 

• Z*-'<0 o>^ 

N 

NNN 

• *-3 3LL*-ZZ 

LU 

<<< 

• aoooo a— 

X 

XZ—OCOIQC 

• u.a.< ou. 

< 

OOOLULULU 

• O<O0CZ>- Z 

CL 

— 1 g-h-Nh- 

• -lUJOZX.^^ 

< 

h-UJLU« — 

<QCI- aMUJ3 

X 

<oo 

h-ujza:zL-zxoo 


UOOU.U.LJ. 

<0DUJ<«UO« — 

eic 

oooooo 

oxxujo<etz 

UJ 

o • • 

30IXJCX—*- 

o 


HZXOOUU-LUXQC 

z 

LULUUJ 

3 


ODOJO 

Cl. 

o 

<o—OXXX 

z 

> 

NZ CM333 

•"I 

o 

CO ZZZ 


OCZ 

UJUJ 


z f>o ^o^o m ro to ro ro ro ro»«i ro fOCMCM <v/eg eg egeg (Nj eg •-r-*— 

Ot/)OOOOOOOCOOOOOOoOOOOOOOOOO 

^ Of U Ml Mi Ml Ml M**“ imu i ii m m m »i i m i 

oc iTioD O'-a-f<i o»-CM*-oDoocD o o^ foegfomr-in Kieg 

o I/) iTi r-m r-fo o in cr rn r*-r<o *-eg ^o o-a fo jr ro m m0000ro 
1- inooa^'-a'e^incMO'r'-^cgocMin^a'OfOoo-a^oocM'C 

. ... 

•-oa^foromegegeMeg»-*-^»-*-oo<oinmmeg»-»-*-oO'Ofo 

oo: 

lU 

KZ 

OIUJ 


0^ 

LU 

•- 00 

eg at 

o 


00 •Jfomro tnropnf-Otnro cMCMegegeg*-r-.-CMeMCMeMeg*-.-*- 
O0<0000000000000000000000000 
LU^ 

0^ ^ 11 III III I II I II in H I III III 1 ^1 1^ 1 fii I I I f i I miLLiii Hi III I II I II III III l UJ^I f 

ii“ZoO'00cMinego*-inof>o»nr-h-oo^inoroin<roooeg 
oouJO^^'-ln^'^-CD^^-<^oeg-apoc^c^^»-<^^o^-^o^-^-*- 
oc 00 r-a-^ r*-m 'O eg'O»-^ h-m CM r*-o»-eg *-o a-*-<0 

aciii .. 

LU u-rorororoegcMP-*-^ <7 'h-aro^^*- 00'OfO 
zz: I I I I I I I I I I 


zo 


u 


a: 

uj Qt: tn-jmporoPOfOfocMCMeg^-CMCMegegcMegeMCMegegegeM^^^ 

00 LU m<ooooooooooooooooooooooooo 

I O -f 

3 Z Of ^UMJJUJUJM Ml MULIJIMLI >UJ “ m lyj i^ in in iit m iii nu^| p^i iHjllj 

z « »-zorgaao'ODaomh-omaina*->ofooO'OCMaLnegm 

^ mLutnaeg^^foinfo<r'tM<re'r«-ro'Omc'Oooh-oD»-mfo^ 
i: > Qcegegroincoegoa'or-fOCMe-O'oooega'ao-ofOh-'Or- 

LU u oc\n .... 

_j tuu.inaroeg*-^h-m»-^egr«ofOrororofOCMCMCM^^O''OfO 

ffi ec I I I t I I I I t I I I I I I I 

o o oo 

a: LL ou 

o. « 

(/) M 

h- u 


o 

00 oo_JmcMCM^o^o^ororor«o^o^o^o^ocMegcMegcMcM<^J^»-»-oo 
LU O0<0000000000000000000000000 
OC LUZ 4-4> ♦-f 

h^ii III 1 ^ 11 ^ 1 III 1^1 / 1 ^ I III III 1^1 fii III 1^ 1 f f iiiiiiii 1 ^1 p iiimy 1^1 pii iLi I 

►“ omo o <r <r'O CO <r»noofo <7^ roin OO cr r-a inegcMoo ocM 
in3»-oroinooC'egcMfOh-oooinLnarooaooincoega'»- 
y aoomoinoor>oO'r-mmr-^moorO'-»-a am*-ON 

... 

UJ o CM CO CM ^ ^eg eg ^ ^ ^ ^ O'N m a m CM ^ oo a CM N ^ 


m jr»)eM<Mror^)»»)roror*)rof»>f<o«»)cgegcMCMogegcM»-'-^oo 
m<ooooooooooooooooooooooooo 
ujzg- 

(yMiiiuiiii^li^i itxjii m III m (t I III iLuLijm^i 111 tu in imujUJLiJUJtjj 

K O UO O O O'O'O CO O'UO CO ro O'NO UO O O O'N a UO CM CM 00 O CM 

00 3*-oNo uooo O'egegNONoo ouoma Ki o a oomoocMO'^ 
z aoouoouo00oo O'N U1N0f-auoooNO^*-a aui*-ON 

.... 

ujoegoocM*-.-*-egeM*-^*-*-*-o-Nuo afOCM*-CD acMN*- 

NZ I I I I I I I I I I I I I I I I I I t I I I I 


XZ*-*-00000000000000'-»-•-•-*-*-*—•- 
OOOOOOOOOOOOOOOOOOOOOOOOOO 
|-|| 

N LU LU UJ LU LU UJ LU UJ LU LU LU UJ LU LU LU LU UJ UJ LU LU LU LU UJ LU LU 

<ooooooooooooooooaoocMOoaooego 

uooooegooaoocMOOacocMOOcMOOin*-ooaoNro 

OoacMO'uocMOoa'-Naoopoo'OOOf-egegNoaauo 

... 

o^^egNiNoainuooNNooooO'^^'-^—^^^-'- 

< o»-CM NoamoNoo O'o»-CM PoauoONoo O'o*-CM Noauo 

N-z ^^^^^^^^^^egojegegegeg 
















Z uoro^orof>nrororornror<o^ororoPOfO^OfOrnr«o^ornPOrnr<oro 
01/5000 oooooooooooooooooooooo 

^ OC LU LU LU UJ UJ UJ UJ UJ LU LU UJ LU UJ LU UJ UJIJJ UJ Ui LU UJ UJ UJ LU LU 
QC ►-csi fo CD m o ro O'fO- 3 “ CO c* ^ rr} in r-r») •—O'oj 00 a> 
Oinjj-r-r^m'OOO'Cvi.—csi'OfOCsjtNroinoO'-fO'OO'—r«o 

►- »-^“(^^co-3■^^“lnw^»-oo'aocDcocoaoaocoo'0'C^o*oo 

.... 

i-iocof'“f'-'Ooomininintn^ jj> j-j-vnm 
oo: 

UJ 

OCZ 

UJliJ 

Z 


z in ro rn 1 rn ro rn rr 1 ro I'O rrj ro rn ro ro ro rn fO rn ro ro ro rn ro ro ro 

UWOOOOOOOOOOOOOOOOOOOOOOOOOO 

— OJ + 

K OC UJ UJ UJ UJ LLI UJ UJ IJJ UJ LU UJ UJ UJ UJ UJ UJ UJ LU UJ UJ LU UJ LU LU UJ 

oc »-pnf'-rvj ^<\i'Of'-in jj-r-or-*-in j-oin<sirgoy O'CO o 

o »/5 fO fO >0 O'O O O'O CO'O O CM o h-^ J->0'O'O m ro — O'r- 
►- ^oo<M'00'f0'0cco<M-3in'0'0r-r'-r-r-r'-f'-r-r-'0'0 

c/»- ... 

— o'O o <0 >0'O'O r-r-r-oo CO CO CO CD CD CO CD 00 CD CO CO CO 00 CO 00 
ooc 

UJ 

ocz 

UJUJ 

z 


z i/> fo m m m fo fO m fo ro m fo ro m m m m fo fo ro ro fo m m fO 
omooooooooooooooooooooooooo 

«UJ4> 

>—fy'UIUJlLH1JUJUJUJUfUJlLUIUl>UJUJUIUJUJUJUJUitUUJUJ‘*'LlJ 
QC»-O'fMCO—fOJTOCCO''OCM'O'Om'OinCM—Jt*-0'CT'fO 
O 00 O CD«—•—ro o CD >0 fo CO o o CD Jt 00 •—- 3 --S'm fO ^ 
►- JTO'r-'Oor'-O'OCMJ'vnr'-cooDO'O'ooooooooo 

.... 

•“■o j»f^r«Ofo»'Oror<o jj-jj-jj-J9-Jt jj-jt j»vnvnuoinwnininuoin 
OQC 
UJ 
QCZ 
UJUJ 

15 

U 


z 00 m m fo m f«o fo po m m po ro fO m po po ro ro fo fo f<o fo fo fo fo ro 

OoooOOOOOOOOOOOOOOOOOOOOOOOO 

— UJ 

UJ UJ UJ UJ UJ UJ UJ UJ UJ LU UJ UJ UJ UJ UJ UJ UJ UJ UU UJ UJ UJ UJ UJ UJ 
QC>-f-.0'*~ovn»nP00'O*-mf-0''0P0CMC0r000j»cgr0'OO'O 
a 00 o «n ^ CM ^ o o uo ^ O'o CD in—CO :3 ^ 00 in CM o r- 
o^oO'OpnoDCM^n^“Coo'C^oooO'c^O'oocooo^-r^^-^-'0 
tn> .. 

— O J3 >0 r-r -00 (X> 00 oo 0000 O'O'(T'CO 0000 CO 00 CO CO CO CO CO 00 
uoc. 

UJ 

QCZ 

UJUJ 

15 

o 


i/> j po ro po PT) po fo po po po po po po fo fo pT) po fo po po po fo po po po 

(✓XOOOOOOOOOOOOOOOOOOOOOOOOO 

OC >—UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ LiJ UJ UJ UJ UJ UJ UJ UJ 

p-z O'u^ CO'O PH CM in •—<M o r-> 0 —r-o CD r-r->o po cc CM po CM CT' 

i/5uj<'-o^^O'-3’incMPOcoininr-0'PO'Oo-3cocMino'CMinr- 

<jc—'O—r-PI) 00 r-< 0 'O o-o-o r-r-CO CO CD O'<^ CT'o o o 

QCUJ •«••«•«••««••••••••«••«•• 

CM uju-r-'O'Ovnmmjtjj'^^ J--3-J9-j’-3-j» j-^mmin 

zx. 

ac ZZ3 

UJ —o 

— dJ oc 

CM a. — 

^ o 

z 

QC 

UJ oc »/)_jP0P0P0Pop0pnp0P0P0P0P0POpnpnP0P0pnP0P0PnpnP0P0P0fo 

CD UJ »n<oooooooooooooooc:joocjoooooo 

Z O UJ—-f ♦•f -f ^ 

3 Z QCP—UJ UJUJ UJUJ UJUJ UJUJ UJUJ UJUJ UJUJ UJUJ UJUJ UJUJ UJUJ UJUJ 

z — >-z—c^oDPO^pn^ooJJ■'OoopncoJJ•or-'Oeo j-'OOJtcM— 

_j mujr—ODlnO'C^poocD^-^-'OJ3—CDjtcDCMincDocM ^■'000 

Z > oCCOmCM'-OO —CMCMPO-3■ln'0^-f'-OOCOO'0'C^OOOOO 

UJ O OCUJ 

-J UJO. JT J3 Jt JT J3 J3j3mvnvnvnin 

CD QC f-x 

a a 153 

QC u. oo 

C^ oc 

m — 

5- O 



UJ oc 
CD UJ 

z o 

i 5 

z > 

UJ o 
-J 

oo OC 
a o 

QC U. 

a. 

cn 


i/5jpnpnPOpnpopoPOPOPOPOPOpnpoPOPnj-jtJ3J3j3j3J9'j9'-3-3' 

»n<IOOOOOOOOOOOOOOOOOOOOOOOOO 

j p ^ iiii^ yii-mji ^ ini ; i mp uiu]t m ]m ^ LutijmiiiLLUiiLiJnjLiJLu 

p-z ^—jt po CM'O'O——po m c^ r-•-r-m cr—CM CM—f-^ CM 
i/5 UJ in CM cr fo o r-PH r-h-po in po 00 o CO o o ^ ^ ^ o o o o 
C5C ^ >0 CD CM'O O'PO'O C^ CM-3--O r-CT" cr o o o o o o o o o o 
Ctuj ••••••••••••••••••«•••••• 

Lu u-o o r-r-r-CD CO CD O'O'O'O'cr O'—^^— 

zz 

Z3 

—o 

QC 

o 


C/> _J PO PO PO PO PO PO PO PH ^ ^ j3-3 j3 J3 J3 j3 j3 

«-o<ooooooooooooooooooooooooo 

^ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 
P- Z' 000 - 300 —:3<MCOOU^r'-OD'OPOO'OCMCO;3»—CDinCM 
1/5 UJ O O — O O O O O ^ CM PO fO PO PO PO PO CM CM — — ^ O O O 

ammroo'oojj’r-ooooooooooooooooo 

... 

UJ u. m'O r-oo CO o o o ^ ^^ ^^ ^ ^ ^^ 

P-Z 

33 

ou 

QC 

o 


3 

U5 i/)_jpopnpnpopof<)popopnpof0popompopnpopopopnpnpnpnrof0 

UJ in<ooooooooooooooooooooooooo 

QC UJZ 

fv ^11 iiii y UJ fi ii y in m i iiiii l y I II umi m l y piim l y p uiLUii iiiiiiiuj 

►-o'O'O •—vn-3” o C5 m f-r-po o >0 o o r-ou o CD o po m ro >0 
m 3 r-m o'O ;3 r-po JT o—-o jj” > 0 —r-o > 000 O'CM J '>0 CO o 
ar 00 ^ o'O—r-to 05 r-in po—o o o 00 CO CO cn CO o o o cr o 

QC— «•••••••••••••«••*«•••••• 

UJOC00DCDP-r'-'O'O'Ovninu^vnua;3 J--3--3” ;3 J-JT-S-JT 

zz 

zo 


1/5 i/)_jpopopopopopopopopopopopopnpoporopopnpopopopopopnpo 

UJ l/XOOOOOOOOOOOOOOOOOOOOOOOOO 

X UJ z ♦♦ -f 4* 

^ M LLI UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 

K Q»-•—r-CO»-r-in r-CM CM r-—^ o o r*“ po m r-CO ^ o 00 '<3 o 
l/> 3 to O O O CM CM r-CM vn CM — CM CM O r-CM m vO to O :3 r-00 o c^ 
^ CM PO-O PO — O—ru ^'O 00 O CM pO in «0 h-OD 00 o o c^ c^ o 
QC— ... 

UJ o'O in jj-m po po m m po to po po JT J" Jj”-3-Jt J3 J’JT ^ ^-S’Jt 

zz 

za 


m jp»ip» »p* >Pf)Pi ip»m >mpi)P«iPOPi 5 Pi m jropnpnpripornw iptmjpi ik i 

m<ooooooooooooooooooooooooo 

^MtlJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJUJ 

p-o o m'O ^ o «npo po r-o ^'O o^pocM o CM o r-mr- 

m 3 m CM J-o po m po'O m o 00 ^ in po o CM po po CM o CD in po—o 
Z-• in O'PO 00 CM'O CM ;3'O 00 c^ o o——O O o o o 

OC^-I ... 

ujo^»-'*~cMCMPOtopn jj* ;3-3-3" JunvominvniniriinuMnvnvn 


m Jpnp»mipnp*)pi)p*ipiif*)mpf)p0pnp»ip0p0p»>p» tpr)POP»5f»iriiPOP*> 

in<ooooooooooooooooooooooooo 

UJZ^ 

^ r I HI 111 III m 1 11 111 jii ly npy n jj yjujuiyjiiniimiiiLLiLiJLiJUJUJ 

^-0(^C^POCMC^POv^POOOCO^OO'<^»-^POr'-lnPOCMC^OCMJt»- 
</5 3'0 cr cr or-r-CM K Jj-r-OD h-h-C^ CMh-:3:3'O om PO*-o o 

zior-'OPO'Oco (^ oor-mpo^ O'r-'O j'pncM^»-ooo oo 

QCl— ... 

UJ o po ;3 in'O-o'O-o'O ^'O-o-o vo in lO in in in miTt vn in in inin 

P-Z 

30 

O-J 


X z—*-o o o oo o oo O O O O O O—*-*“»-*-*-*-•-*- 

OOOOOOOOOOOOOOOOOOOOOOOOOO 

P—LU UJ UJ UJ UJ UJ UJ UJ LU UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ 
<OOOOOOOOOOOOOOOOj»COCM'OOj»OOCM'0 
U O OCO CM'O O ;3 COCM'C O ;3 OOCM >0 0(M 00 vn— 00 ;3 O f'-PO 
OO^CMO* VOCMCC Jt—r-^ 0'OPOC^ >000—CMCMfO-3 JUn 


X z*—o o o o o o oo O O O O O O 

OOOOOOOOOOOOOOOOOOOOOOOOOO 

P~ UJ LU UJ UJ UJ LU UJ UJ UJ UJ UJ UJ UJ UJ UJ UJ LU UJ UJ LU UJ UJ UJ UJ LU 
<OOOOOOOOOOOOOOOOj»COCM'OOjJ>COCM' 0 
O O O 00 CM-C O 00 CM-O O Jf 00 CM'O O CM 00 m—CO ;3 o h-PO 
O O Jj-CM O'vn CM CD ^ ^ O >0 PO O''O O O *-CM CM to JJ-3“ vn 


'O ^ CM PO PO ;3 iTun'O r-h-0000 cr' 


O ^CM PO pc> ;3 in vn-O N* CD CO O' ' 


< a»-CM po ^ m-o r-CO c^ o»-CM to m >0 r-CO O'o •—CM po ^ m 
P-Z —————CMCMCMCMCMCM 

1/5 


< OCM PO ^ in'O h-00 O ^ CM PO ^ in <0 r-00 O'O *—CM PO ;3 vn 
P-Z — —CMCMCMCMCMCM 

1/5 
































JCOC 

UJUJ 

-JOO 

ooz 

03 

az 


• o 

• o 

• <0 


• X 

m <3 

* Z 


• I « 

• u ac 

*Z —o 

• o 

• I UJ 

• «—(/) LUO 

• OOlOOZ 

• I ZOOuj 
*Ui3ZO(J 

• 003 tOL 

• 00.0 UJ 

• O 0. > 


• X UJQVO 

lzS8^^ 

•3 \ 0-0 

• ZLJ •OUJ 

• —O I »/) 

• ZO UJO 

• —O o 

• z •zoz 

• uoa 


• ZO a — 

• or o t- 

• o 

<l 

• O — OC 

• zozc u. 

• </i3»-0 

• ►--J OCX UJ 

• Z OU.3 O 
•UJQLU Z Z 

• X>- —O— lu 

• UJ _JUJK O 

• a:oo.^< a 

*OUJO.^-Z UJ 

•r—<o o> 

• —-I OU.— Z 

• ClOuoO o 

• u.o.< o 

• o<OQcri- 

• oujozx 
<a^- o—Luo 
l-UJZ(£Z^ZX 
<CQuj<mOO — 
OZXUJO<O.Z 

30I>QCX — 
^ZZlooU-luZ 


<s<soo 

—a t I 
XOUJUJ 

<z oo 
oo 
oo 


<LLOO 
— I t 
OOUJLU 
« OO 

ocoloo 

xoo 


ZQ. —— 

<zoo 

Ouj I p 
O^LULU 
LU OO 

z oo 
oo 


QLOUJLU 

UJOOO 

X oo 


-JlO— 

-Juooo 

<UJ I I 
ZZUJUJ 

xoo 

ooo 

“OO 

I • • 

►-iTun 


COQ —— 

z—oo 
o»- I t 
V0<UJIU 

unocoo 
“ oo 
o oo 

Q. « • 

rom 


UUJLU 

<oo 

ocoo 

oo 


t/icnr^h. 

oooo—roPO 
ZO + ♦ rgcM 
33UJLU 

oooo 

>000</>«/it/’ 

xoozzz 

• .oau 

rOPO“<—«- 


(SZ 

03 

QCZ 


P-LU 

0.0 

“Z 


<<< 

xz—oCQca: 

OOOUJLUUJ 

— t 

^ LUUJ — 

<oo 

UOOU.Li.U. 

oooooo 

_J • • 

— ocaa 

UJUJIU 

omec 
<o—oxxx 
>-z cg333 

uo ZZZ 


“ o 

I UJ 

— cn LUO 
OOUOOZ 
I ZOOUJ 
U)3ZOO 
003 •« 
00.0 UJ 
O CL > 

•X z 
o— H O 
zoxo 
“ I 

X LUOU^ 

zo8^** 
3 I 0—0 
ZUJ •OUJ 
—o I xn 
ZO UJO 
—o o 


H I- OUJ 

ZO QC —O 

oz o *-cy 
U1 —OHP- oo 

rgH”5X(/) < • 

o — arm 
zoxo u. 
ui3t-a 

^ OC X UJ II 
OU-O OCM 
UJOUJ X ZOC 
x>-—o— UJ 
OUJX o • 
QCOCLl-< QC — 
UUJXI-X UJO 
Z'-'<0 0>-f 

— _J _|U. —ZUJ 

XOlOO oo 
LLa<x oo 
0<0QCZ^ o 

3LUOZX • 

o—Luoin 
i-ujzqczi-zx 
<CX]UJ<—oo— 
OXXUJ3<[O.Z II 
30I>-qi:x— 
^ZZlOOLLUIZOC 


<<00 
“O I » 
X.UUJUJ 

< oo 
oo 
oo 


OIL —^ 

<11.00 

OOUJLU 

< oo 
acCLOo 
xoo 


U^LULU 
UJ oo 
X oo 

oo 


aCOLULU 

LUOOO 

I oo 

I- 


<UJ I I 
ZZLULU 
XOO 
ooo 
—oo 

I • • 


uno—— 
z—oo 
a*- t I 
1/XLUUJ 
wOqCOO 

“ oo 

mm 


UUJLU 

<oo 

ocoo 

oo 

« • 

mm 


(/)Lnr-r«» 
oooo—mm 
z-» ♦ cgcg 

03UJUJ 

oooo 
>-Ooomm(/j 
xoozzz 
• *000 
mm— 

<<< 

xz—xocx 

OOOUJLUUJ 
— I •♦>>->-»- 
H-LULU—— 

<oo 

OOOU.U.U. 

OOOOOO 

u • • 

— OCQCQC 
LULULU 
CQtDCD 

<o—oxxx 

i-Z rg303 

m ZZZ 


XX 

LULU 

-jm 

CDX 

03 

QCZ 


— O 

I UJ 

—m LUO 

oomoz 

I ZOOUJ 
UJOZOO 
003 •ac 
00.0 LU 
O X > 

•X z 

O— M O 

zoxo 

X LUQm 

txSS--* s 

DIO—O I 

ZUJ aouj UJ 

—o I m o 
ZO UJ3 O 
—O O • 

X 'ZOZ o— 

ooo o 


OLU 

—o 
1-0 
oo 


ZO a 

oz o 
m—D « ^ 

CMK-^xm 


xm 


zoxo 
(/>3»-0 
»--) XX uj» 
Z OU.D org 
UJOUJ Z ZX 
Z»—0“ UJ 
UJ _JUJX o • 
XOX^< XLU 
OUJO.P-Z LUP- 

z—<o o>— 

—-J _iU.—zz 

xomo o— 
u.o.< ou. 
o<oxz»- z 

-JUJOZX — 
<X»- O—UJD 
i-Luzxzi^zzm 
<IIJLU<—uo —— 
OXZUJ3<XZ 
DOI>XXi-'— 

mou.ujxx 


_JO—— 

<<oo 
“O 1 I 
xoujuj 
< oo 
oo 
oo 


ou.— 

<U.OO 

OOLULU 
< OO 

xa.oo 

ZOO 


zx — 
<xoo 

— UJ I I 
OOUJLU 

UJ oo 
z oo 
oo 


XOUJLU 
UJOOO 
I oo 
►- r~r- 


om— 

omoo 

<UJ I I 
.ZZUJUJ 

xoo 
ooo 
—oo 

X « • 

»-mm 


mo—— 
z—oo 

OH* I I 
m<LUUj 

mxoo 
— oo 
o oo 

X • • 

mm 


CJUJLU 

<oo 

xoo 

oo 


mmr-r- 
0300—mm 
Z3 ♦ ♦ cgcg 
D3LUUJ 

oooo 
>ooommm 
zoozzz 
• *000 
mm——— 

<<< 
XZ—XXX 
OOOUJLUUJ 
— I ♦ ^p-l- 
H-LULU —— 

<oo 

OOOU.U.U. 

00*0000 

u • • 

— XXX 
UJLULU 
CO CD CD 
<o—*OXXX 
•-Z rg333 

m ZZZ 


CM CD — 


X3 

LULU 

ZX 

Lum 


K-UJ 

XU 

o< 

»-u. 

t/>X 

—3 

om 

XX 

3UJ 

XZ 


LUUJ 

ZX 

Lum 


l-UJ 

xo 

o< 

H-LL 

l/)X 

— 3 
om 

XX 

3UJ 

XZ 

— z 

X — 


LUUJ 

ZX 

ujm 


mx 
— 3 
om 




ji 




#1 


* 

I 


I 





* o 


X J lIllLlUlUUJOJtL»UJUJUJUJUJUJUJIIJUJUJUJUJUJLOUJ^^m 

< o^,-r-<Mcgrg»<if^'^^n j-Jini/iiTi'O'Or^i^cooocra'OO 

fMu^oo»-J-0»o<» cr<\nnoo»-^f^O'^^ jO 

o o oo»-*— 

in trun inm irurnnin u^in u*iin kTi truTi inin in 

I I I I « I I I I I I I I I I I I I I I I I I I I • 

<uloooooooooooooooooooooooooo 

I I I I I I I I I I I I I I I I I I I ****',' ' 

■<11 m n I P H 1 1 ‘ l y^i iAJUJU-imUJliJLLILLI UJUJ QJLLIUJUJUJ^^^^^ 

‘^iOoSoocoSooSSooSSoooSoooooo 


_j CJ rn rn ro ro ro Kl fO fO ro ro ro rn rn ro rO p^ *0 rn rn m fO m rO 

<«jt)00000000000000000cjcj000l->0 0 

i II1I pi I in m n I 1^ jlUJ^ j i iiiil^iLliiJUJUJ U-l 11J LU UJ LLi LiJ LiJ LU LU LLi 

< ooa'CT'oooooooof^r^h“'0'Oininin^ jmincMCsi'—'—oo 
or-mor-^'-oDincM O'^ ^coincsiO''Oroor- 
»n^^4^mforn<^^r^l^M►-^^^oooc^ff'C'00oocDoo^-^- 

ty^ ro »n rn po ro fn (<n ro »n ro po »<> fo rn rn <vj CN) fN rg cvi csi eg c\) <N 


«U-OOOOOOOOOOOOOOOOOOOOOOOOCO 

I— 

I [ p i I 1 I I ^ LLiLUt I lUJIJJUJ LULU LiJ LiJ LUliJUJUJLIJLJJUJ LiJUJ 

« ou»ot-)oocMinr^o^a)oj'OOcrajh-'Ouia>^rf )CM^o 
QCQ.ome-ff'^pOinh-ff'cg^ ^0»»—jinr»-0'^*ninp-CT'^prin 
a. in in in in o "O >0 >o-O p-oo 03 oj 00 oc O'CT'O' O'tr o o o 

iu*»*«»**»****»t************ 

H-fNJfMrgcgrgrgcgcgrgcgcgegcgrgrgcNcgcgcgcgfMegrgpoP')«* I 


* LU 

• o 

* o 

• o 


(cx: 

013 

OL.Z 


0 —-tn ujo 

• OQwiOZ 

• I zoolu 

0 UJOZOO 

• 003 •oc 
0 oao*-iu 
*0 0 . > 

• pX z 

• ocg II O 

• ZOXU 
0 »— ♦ 

• X luOin 

t rgo^-< pg 
xoo o 
• 3 + 0»-0 » 

• XLU *OLU LU 

* —oin I (/) o 

* ZO LUO o 

• N-O o • 
• X •zoz o 

0 I/IOOO 

* ^ z 

0 I- I- o 

• ZU tt »- 

• oz o *- 
• in^3H>- o 
• <MI-"^Xl/) < 

* O •- Ot 

« zoxo u. 

• ino^o 

• l--> OCX LU 

• z au .3 o 

• luOLU X Z 
• XI-—a— UJ 
• LU _JLUX O 

• Qc:aQ.^< oc 

• OLUO.P~X LU 

• z^*iO o> 
• —_i -ju.—z 

• a.omo o 
• u.a.< o 
• ci<iacLZt- 
0 _IUJOZX 

<cLt- a—UJ3 

^LUZtfZ^ZX 

<[CDlu<—OO*^ 
OXXLU_J<0.Z 
30X>ax— 
^ZXL^OU-LUX 



r<)cg CM fNrgrgcgcg CM eg oorgegegegeg eg <N<v^^ 



-jtnoooooooooooooooooooooooooo 
4 LU I I I I I I I I I I I M I I I I I I I I I I * ■ I, 

JZU J U I UJUJU l HIUJLULULUmLULULUmLULUliJLUUJLULULU ^ ^^ 


>->00000000000000000000000000 

itnininininininininininminininininininLninininininin 


o 

ao 


ex 


(O 

X 

3 

zcg 


xex 

LULU 

3 G 0 

mx 

03 

oez 


^LU 

exo 
—z 


in_i 

> 

1-0 


ino^ 

° < tU UJ UJ UJ lU UJ LU UJ LU UJ UJ ^ i 01 ^ O m O LU LU UJ o ^ o ^ 


OOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOO 
lO po ro in lo rn lO po rn rn pp 1 po rn po po rn PO PO lo po po PO PO 


300000000000000000000000000 

o LU LU LU LU LU LU LU LU LU LU LU LU LU LU lU lU lU oj lU ^ ^ lU ^ m W 



0300000000000000000000000000 -P^ 

-3 3 UJ UJ UJ UJ UJ iij tu LU UJ UJ UJ UJ UJ tu LU UJ UJ UJ UJ LU LU UJ LU UJ UJ UJ 

Sgg§|oogig||||||||o|o||§|§|| 5 ^ 

popopnpopnpnpopnpopnpnpnpnpopopnpnpnpopnpnpopopnporo—- 


"|oofg|S|§|o|g|||foooooooooo;.u 

Z Jj UJ UJ LU LU lU UJ UJ LU LU UJ LU LU UJ UJ UJ LU LU LU UJ lU UJ LU UJ LU W —- 
<ooooooooooooooooj»coeg<>o.»®<N^o 
o o o 00 eg-o o J'® eg ^ o jtf CO eg >0 o eg oc in ^ 00 ^ o f—^ o 
o o j» eg O'm CM 00 ^ o'O po a"0 o o ^ CM CNPO J ^in <3 o c 


^ ^ ^ eg po poin in'O h-h-00 00 O'•—«- 


UJL 

coo 


o 

o 

o 


eg 

o 

I 

LU 

o 

o 


a: 

LU 


z Q. eg eg eg CM eg eg eg eg CM eg eg eg eg CM eg eg eg eg eg eg eg eg eg CM CM eg 
«ix OOOOOOOOOOOOOOOOOOOOOOOOOO 
fc-LU 

U ^ LU LU LU LU LU LU UJ UJ LU LU LU UJ LU LU UJ LU LU LU LU LU LU LU LU UJ UJ LU 

LU O'—CMPOin-o.aegooo-a’^p-.^o-s^r-^inQOcginff'p'n'OO 
X opO'Off'CMinoO'-.a^'Off'fM.at^ocM.^r'-CT'—.a'Ooo^PO'O 
oooo^^^CMCMegcgpopepn J .:t4f ^ jjinininm-O'O'O 

poKi popopopopopopopn po popopopopo popopopopopopopopopn 


OU-'O'O'O'O'O'O'O'O’O'O'O'O'O'O'O'O'O'O'C'O'O'O'O'O'O'O 

<u.ooooooooo 00000000000000000 
XUJ I I I I I ( I » I I I I i M I I I I I I I I I I I 

QC O UJ UJ UJ LU LU LU LU LU UJ LU UJ LU LU LU UJ LU LU UJ UJ LU LU LU LU LU LU UJ 

LUOOO 0000 0000 000000 00000 000 00 

X OOOOOOOOOOOOOOOOOOOOOOOOOO 


N- O 

I UJ 

<—in LUO 
OQinoz 
I ZOOLU 
UJ 3 ZOO 
003 *£X 
00.0 LU 

o a > 

•I z 

OCM II O 

zoxo 

X ujQin 
ego^«i eg 
XOO o 

3 ♦0—0 I 
XLU POLU LU 

«oin I m o 

ZO LU 3 O 

—o o • 

X PZOZ 'O— 
uiooo o 
>- •!- Z 4 - 
>— I- OuJ 
ZO QC —o 

oz O KO 
m—3 111- 00 

egH-"3Xi/) < • 

o — exm 
zoxo u. 
0031-0 
O QC X UJ II 

z OIU 3 org 

LUOLU X ZOC 
Xh- —O— LU 
UJ 3 UJX O • 
qCOQ.L-< (X — 
OLUCXI-X LUO 

z—<0 0>-f 

— _J 3 U.—ZUJ 

a.Oino 00 
u.a< 00 
0 «*C 3 QCZI- o 
3 UJOZX • 
<QCi- cj—‘UJOin 
l-LUZQCZl-ZX 
<COLU<—■OO'— 
OXXuj 3 «O.Z II 
30 X>QCX — 
K>zxinou.LUXaC 


3 ino 00 000000 00000 00 00 00000000 

<LU I I I I I I I I I I I I I I I I t I I I I I i t i < 

2 2 LU LU UJ LU LU LU LU LU LU LU LU LU LU UJ LU LU LU LU LU LU LU LU LU LU UJ LU 

z00000000000000000000000000 
000000000000000000000oooooo 
1—00000000000000000000000000 


I-in in in in in in in inmin in in ininmin in in in in in in in in in in 


Z—OOOOOOOOOOOOOOOOOOOOOOOOOO 

0»- IIIIIIIIIIIIIIIIIIIIII<I<< 

UJ yjyjUJ LULU lilUJUJ LULU UJUJ LULU UJ LULU LULU LULU LUUJ LULU 
mcxCJOOOOOOOOOOOOOOOOOOOOOOOOO 
>— OOOOOOOOOOOOOOOOOOOOOOOOOO 
g OOOOOOOOOOOOOOOOOOOOOC5000C5 

po pp I po po pn po po pn po PO po po po pn ro po po pp I pn m PC) pn pn pn po po 


f fM i ^ iJ iiiJ^ u iiJ LU LIJUJ UJ UJ HJUJ LU UJLiJ UJ 

<00000000000000000000000000 
QC 000 000 0000 0000 00 00 000000 00 

OOOOOOOOOOOOOOOOOOOOOOOOOO 


in in in m in in in in in in in in m m in in in in in in in in in in m in 


0300000000000000000000000000Pnpn^ 

CMCMCM 

^^U^Hj J UMI^U J ‘.L“M‘HII^'>>‘-‘-'“*‘>l‘-‘-'‘-‘-“-‘-“-‘-'UJUJUJUJLULULULULU 

CJOOOOOCCJOOOOOOOOOOOOOOOOOOOO 
>00 00 000000 0000 00 00 0000 oooooini/im 
xooooooooooooooooo 000000000zzz 

pOpO pOpOPOpOpOpOpO POPOPOPO POPOPO POPOPCIPOPOPOPOPOPOPn — —- 


XZ —^00000000000000 —— —— QtO^OC 

00 00 0000 000000 0000 000 OOOOOOLUUJLU 
^UJUJUJLULULUUJUJUJLULULUUJUJLULUUJLUUJUJUJUJLULULULU—'—'— 

<OOOOOOOOOOOOOoOO.»COCM'OOJ'OOeg '00 
OOOOOeg'OO.^coeg'OO.scorM'OOCMooin—CO.S of^poou-u.^ 
O O jJ eg O'in eg 00 ^—r-jt o "O po C"0 o o—CM CM ro^ in O O O 

^ eg po po jJ in m'O f —00 OD ^^ ^ 

UJLULU 

CD CD CO 

< o—egpo en'Or-oDO'o—CMPO ^ (n-o h -00 O'o—egpo m'O X X X 

egegegrgegegcM333 

^ zzz 

































: 

% 


I 


I 

I 




I 




<00000©0000000000000000000 
UJ-f‘f + <f-f4--f + 4--»- + + + + 4-4--f4.444- + + 4.+ 

X LU UJ UJ LU UJ UJ LU LU UJ LU LU LU LU liJ LU LU LU LLi LU LU LU UJ LU UJ LU 
CM OU QU CD OU CD 00 OD CD CD CO 00 OU00 00 00 O O O'OU © to O'W 

O J ^ J J ^ ^ J ^ ^ <\l r-to <M CM CC rn C- 

ro CM CM (NJ eg fN <\J CJ eg <N» Csl eg Csl CM C\J <M fO 00 j fsj o o 00 O 


to CM eg CM CM CM CM eg CM CM eg CM CM CM CM eg*-CM'-CM CM CM <M^^ 
I I I I I I I I 


to 

UJ 

X 

u 

z 


o 

UJ 


-j cj m f<n fo m m ro ro fo m fo fo po m m m CM CM CM CM CM CM CM CM CM 
«1«©OOOCJOOCJCJOOOOOOOOOOOOOOOOO 
•-'0+4-+'4'-f4'4' + -f4'4' + + 4- + ++ >f'r-f + 4‘+ + + 4- 

X 111 111 ii I 111 III iLU i IIIIII [ III ji I III 1 11 I II III ^ 11 111 l i I III III U Li i IIII m II1II11 

< ooc'flDf^'O'Or-^-e-h-'OoioiDtOJt'OCMe-fOoo-^CT'iTto 

o r-po o ^ r-OD m CM O'o po o e-j» ^ CO po CM CM ^ o o o 
u^ j-^ ^ ro popo CM CM eg^ *-»-♦-O o o 00 O'* eg O'o po o h-^ 


|-*-f-.-*-*-*-.— .-«-f~*- — •-«.f-0^C^(^0O000OQ0^•^- 
I I « t I I I I I I I i I I I I « I I I I I I I I i 


H-CMCMCM*-^^^»-*-00^^^^^^'“'-^'“^^^0 
ZOOOOOOOOOOOOOOOOOOOOOOOOO 
UJ+ + + g« + >-f + 4--f4- + g'‘f4-‘f + + 4. + + -*'g.4- + 

y II III III 111 mill 111 III III III III III I II III nu ll 1^ f II III I II 1^ I I y 

O ^ PO to ■O 00 O'*-CM PH POJ'PO ^ O 00 ^ O O'« 00 CM 

a.'O'-e-O'Ln^e-^OP^m^ino'PO^O'O^O'COPn:?^*- 
po CM o CM CD .s O'in •->o h-CM-c o to j o o r-•-f-pn 


<IU_00000000000000000000000000 
— —+ + -f-f + + 4’‘f + 4' + -f + + «t> + 'f + 4-4' + ^*pg>-P + 
OUtUtUtULUUJUJtULUUJLUUJUJtLIUJlUUJUJLULUUJLULUUJUJtUtU 
< ©inocj©oocjcjo^aDC''jgjtjo“ODe-<>tnin jpocM^O 
ao Q. o po e-CM r-CM CM CM CM CM -o O'•-j’tn e-c^ •-po tn e-CT-»-pn 

a. in in in >0 o e-e-K e-r». e-p-e-CD 00 00 CD ou O'c^ O'O'cr o cj o 


POCM'Op'-cMpntnoh-cr 0'C3'h-'0^cM»-po 
t I I I I I I I I I 


^ CM CM CM CM CM CM eg CM CM CM CM CM CM CM CM CM eg CM CM CM CM CM CM PO Pn PO 


O 

O 

-o 


o 

oo 


X 


X 

< 


CM 

O 

I 

UJ 

o 

o 


a.cc 
tutu 
-IOC 
00 2 . 
03 
CCZ 


K-IU 

cx:a 


to-I 


»-u 

o 

i 


I-I o 

I tu 

»—m LUO 
OQtOOZ 
I ZOOlU 
UJ3ZOO 
003 •<*: 
0^0 UJ 


OCM II O 

ZOXO 

♦ 

c ujocn 


CM 


I 


xoc 
3 ♦O'-O 
2.UJ alULU 

«oin I to 
ZO LUO o 

^-o o • 

X 'ZOZ 'O— 
inocjo c^ 
*- 24- 

I- I- OUJ 

ZO cr «o 
oz o 1-0 
u^—3 II h- oo 

CMh--)XtO 
O '-1 
ZOXO U. 
t 03 l-O 

-) OCX lu n 
OU .3 OCM 
tUOUJ 
XK-^O*- 

_JLUX LO •> 

cx:oc^h-< cx:tu 

OtuQ-MX UJP- 

Z'-<0 o>— 
•--I _iu.»-zz 
Q.OtOO o*-* 

OLL 

O<oex:zh- z 
-JLUOZX'- 
<cr:i~ C3—UJ3 
l-UJZOCZl-ZXtO 
<(OUJ<*-00*-« — 
OXXlU^<C^Z 
30 X>q£:x—- 
l-ZXtOOU.UJXC]C 


c]Cin 


ZCJO 


Z Ci. CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM eg CM CM eg CM CM CM 

<xoooooooooooooooooooooooooo 

mLU 4-4-4'4’4-4’4-4-4-4'4’4-4-4-4-4-4'4'4'4-4-4-44-4>4' 
O I—LU LU LU LU LU UJ LU UJ tU UJ UJ UJ LU UJ UJ UJ UJ tU UJ LU UJ tU liJ LU UJ LU 
UJ o*-cMpnin'Oj^cMOCD.^»-r--.;tf o^p'-'-cnoocMino'po-oo 
X OPO-co'CMunoD*-JOO'CM Jr-ocM Jr'^0'*-JT'Ooo»-pno 
o o o o *-•-•-CM CM eg CM po pn po .:r .3 j-j’in m tn-o'O-o 


PH pn po PH po po po po m PH po po p^) po po po po pn pn m po m po po pf 1 ro 


_j LL-O-O'O-o-O-O * 0 -O-O-O'O-o-C < 0 -O-o-O-O-O'O-O-O-o'O-o-o 

<u-oooooooooooooooooooo<uocuooo 

X UJ t I 1 I I I I I I I (» I I I I I I I I 1 I I I I I 
afOUJLULULULUUJUJUJUJLUUJUJUJUJuJUJUJLUUJUJUJLUUJUJUJliJ 

UJOOOOOOCJOOOOOOOOOOOOOOOCJOOCJO 
I OOOOOOOOOOOOOOOOOOOOOOOOOO 



Otr)*—.-*—*-*—.-f-*-*—.— «—«—*-f-*—r-f-.-f—f-*-.-^f-f-f— 

-ItnOOOOOOOOOOOOOOOOOOOOOOOOOO 
<iiJ I i I I I I I I I I I t I I t I i I I I I I I I I I 

;XZ mu Ml l U “J-ill Ml I UJ“ ‘UJIJL'U I*^*IIJ*U‘L*UMJ I ' IMIJU HU I P ' ‘ I'l * 

2:00000000000000000000000000 

OOOOOOOOOOOOOOOOOCJOOOO 00000 
*-• o o o om u^ mu^ m o o o o o intninm m o o o 00 

.... 

p-in tn jj-j'j j m popo po PT) po po popo pneg CM 


oc 

LU 

O 00 

GO X 

3 

Z 

OC 

LU OC 
flC UJ 

X o 
3 Z 

z 


X > 
LU O 


to —J CM CM CM CM CM CM CM CM eg CM CM eg CM PO pn PO PO CM •-CM rr PO 

to <000000000000000000 00 00000 

lUi— 4’4-4-4>4-4'4-4-4-4-4’4'4-4'4-4-4-4-4-4-44'4-4- + 
OC h-UJLULULUUJUJUJUJUJUJUJUJUJUJLUUJUJUJUJUJLUUJUJUJUJ 
I—z m ar CD CM p^ ^ in O'po-o CM o "<5f-f'--S'p-o O'CD po GO m 

</)ujr'-ocMC7'incMQOJ'»-p'-cx5a'pn'Oom*-POuoo*-Qoc7'c?'f'“ 
ct ^ p~ p--O-o'O uo uo in p^ m in-o-o P-e-CM uo GO CM p'“ ^ p«-o in 

(XlUJ ••••••••••••••••••••••••• 

ujLL'-oop--om^ pocM^.^ inr-egpn jjuopncM'-'-inegtn*-— 
•^ 2 . I I I M I I I I I I I I 

23 
'-O 
cc 

u 


to ^ J CMCMCMCMCMCMCMCM^'-CMCMCMCMCMPOPnCM^-CMCMCMfOpn 

cn<oocuoo<_><JOocjcjooo<Joo 00000000 

IU'--P4-4-4-4-4'4-4-4-4-4-4-4-4-4'4-4-4-4'4'4-4-4-4-4- 
OC MLUUJUJUJIUUJIUUJUJUJUJLUUJUJUJUJUJUJUJUJUJlUUJlUUJ 
P-Z *-ou CM p-•-UO O'PO-O eg j» o-O »-P-CM CM GO-O PO-O p-00 
to LU p“'O CM m CM 00 J’^ p“ GO O* PO O PO-O ^ J m CP O GO CM 

cc pn p-p“-o-o'O m in uo p“ m m >0-c p-h-00in o ^ < p-CM-o 

...... 

LU u. 00 p--o uo ^ po CM»—-sr in ^ CM po j-uo *-•-in p-po-o CP 
p-x I I I t I I I I I I I 

ao 

oc 

o 


ooo*-*-»-*-»-.-*-*-*-*-*-*-.-*-——*-.-«-*~»-*-^—*-r- 

Z—OOOOOOOOOOOOOOOOOOOOOOOOOO 
OP- I I I I I I I I I I I I I I I I I I I I I I t I I I 

</)< LUy fii lUJLlJy j QjLUII n I ly j lJ III ^y^i^ jj il II 1 11 1 fII li 1111 1 1 u iilli 11 1^yj 

tOQCOOOCJOOOOOOCJOOOOOOOOCUOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOO 
n OOOOOOOOOOOOOOOOOOOOOOC^OOO 

po pn pn m po m po PT) po pn po po po po po po pn po po po po fo po po pn pr) 


300000000000000000000000000 


3 

to to jpnpnpoPOpnpopncMCMCMegcgcMpnpopnpoPOpoPopnpncMCM*- 

UJ to<ooooooooooooooooooooooooo 

oc UJZ4--44'4'4-4'4'4-4-4'4-4-4-4-4-4-4-4-4-4-4-4-4-4’4' 

CC »^«LJiti iiiiii iiiiii ip^ |iiiiiiii |iiiiiiiiiii^i i uiiiiiinp tii iiiiiiiiiiiiiii 
^ O CD PO OU PO OU e) OU CP GO GO PO UO GO PO OU PO U ) >0 O (P o»-o 

to3^uoo^^r'-cMCMr'“CMegP-CMGOPOh.egGOPOPOuocMPOOj- 
^ CM CP-O CM O'in CM GO PO CP UO O'm GO CM CM ^ GO J3-O CM 00 lO 

oc^ .. 

LU to PO CM CM CM ^CO m ^ ^ GO *—r-^ CM CM CM ^ ^-O CM 
*>cz t I I t I I I I I I 
ZO 


^')iiiiiiiini Miiiii iiiiiiiiiiiiiiiiil iiiii^ niiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiii 

<00000000000000000000000000 

CJCOOOOOOOOOOOOOOOOOOOOOOOOOO 
CJ CU O CJ CU CU O CJ CU CU C-> cu cu o cu ca O O CJ O O O CU C-> o cu 


in in in tn m in tn m in u^ m m in m m m in m in in in m 


«/) 

oc 

LU 


0300000000000000000000000000—0'- 
Z 34 ' 4 - 4 - 4 -- 44 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 --P 4 - 44 - 4 - 4 - 4 - 4 > 4 - 4 - 4--4 OJCMCM 
^ 3 LU UJ UJ LU LU LU LU LU LU LU LU LU LU LU LU LU LU LU UJ LU UJ UJ LU UJ UJ lU 
OOOOOOOOOOOOOOOOOOOOOOOOOOOO 
> 00 000000 000000 OOOOOOOOOOOOOtOtOtO 
X0000000OOOOOOOOOOOOOOOOOOOZZZ 

. ... 

pn pn pn PO pn PO pn pn PO pn pn PO pn PO pn PO PO PO PO pn PO PO PO PO PO PO— 


m-jf»)pt if» ir» if»m ipocMCMCMCMCMCMrrjpnpOPf »f« ipopopi ipticmcmcm 
to< 0000000000000000000000000 

UJZ 4-4-4-4-4-4’4-4-4-4-4-4-44-4- + 4-4-4-4-4-4-4-4-4- 

nr ^iiiiti iiiiiiiiiiiin iiii i | ^i}) iii^j^[ ii^iii.. 

O U1 O'00 PO h-CM'C—-O GO PO GO ^ CM h-PO in m h-— O CM f'- 
to 3 PO 00 O'tn o-c-o—in CMn o m o j» ^ m o o CM o CM GO 
I-CM 00 in—00 m——e-CM —-o—CM >0 o CM PO CM O'm—O'in— 


lU O PO eg CM CM— — — CD — CM m O'— CM CM CM— —-O PO— 
I I I I I I I I I I • I I I I 

30 

03 


UJ <<< 

X xz—00000000000000————ex: cx: a: 

< OOOOOOOOOOOOOOOOOOOOOOOOOOOOJUJIU 

cx: — I | 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - + 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 ' 4 - I-HI- 

< ^lulululululuujujujujluujiuujujluluujujiuujujujujouj——— 

Q. <OOOOOOOOOOOOOOOOJtG 0 CM' 0 O J’CDCM'OO 

O O O GO CM O o 3-00 CM-C O CD CM-O O CM 00 —CD O pn o U-U-U. 

OC OO3CMC^U^CM003 —P''30'0pn0-C00—egCMPn33in>0000 

UJ .... 

o -o—cMPnpn 3 u^ln-o^-^-cooo(^—————— — occxioc 

Z LUIULU 

3 <0—CMPn 3 U^' 0 f'- 000 'O—CMPn 3 U^'O^- 00 C^O—CMPn 3 Ul-OXXX 

> 3 Z —— — — — CMCMCMCMCMCMCM 333 

o to zzz 


xz—00000000000000— 

OOOOOOOOOOOOOOOOOOOOOOOOOO 
— I l 4 - 4 ‘ + + 4 - 44 - 4 - 4 --*. 4 - 4 - 44 - 4 - 44 - 4 - 4 - 4 - 4 - 4 - 4 - 
h-UJ UJ UJ UJ 3 LU LU LU 3 UJ LU lUUJ LU LU 3 lU UJ 3 LU LU UJ LU UJ 3 
< 00000000 000000003 CD eg-003 GO egO 
O O O CO CM O O 3 CO CM O O 3 <X) CM 'O o CM GO U^— GO 3 O P*- pn 
O O 3 CM O'm CM GO 3—P-3 O-O pn O''O O O—CM CM pn 3 3 U^ 
3*««»*«**»«»**«»**»****»«« 
-o——{Mpnpn3inu'>'Or'-r'-coGOO'—————— 

< O—CM pn 3 u^-o P“ GO o—CM pn 3 ui-o p-GO O'o—CM pn 3 m 

^Z ———CMCMCMCMCMCM 

to 
































4 






PROBLEM NUMBER 80 


C£ •-<—eg CM <M <NKM <Ni C\J rsj OJ <M eg eg eg C\J CJ CsJ OJ (M Csl ^ ^ 

<ooooooooooooooooc3oooooooo 

X “ ‘ U MIMIH* ' 1 ' mft|iiiJLUiutjjLiJLLJLLmj 

t/)t^ O'me-mcM'OPo CD JT 00 o^mcMO'CMkn'Oh-Okn 

j-^ CM r-CM o-3^ ^ »-in CD»-ro ui r-r-r-o CM in CM 
roooCMmr^ cr o oo o O'O'00e-r-'em if rocM*-O'or-o 


CM e-^ ^ ^ CM CM CM CM^ ^ ^ O'CO m PO 

I I I I I i I I I i I I I I I I i I I I I I I i I 


»-*-CMCMCMCMCM—^0'-*-CMCMCMCMCMCMCMCMCMCMCMCMCMCM 

20000000000000000000000000 

2 UJUJUJllJLUUJUJUJLIJUJllJUJUJUJllJUJUIUJUJLLJUJUJUJUJUJ 

o o it ^ O'o O'CD—fo h-CM m *-o O'e-cr 00 j-o CD ^ o 

x O' ^ po r- CM e-»“ 'O 00 in CM'O O' r-•“ CD O' -o f- CM o O' > 0 »-o 
<0 f'-fO»—CD m ro in CD o o CM m 00 h“ o CM-:t in ^ m»-h- 


h-•-CMCM»—•—O'CMin O'CMCMCM fOrOfOPOPOrOfO CM 

I I I I I I I I I I I I I I I I I 


a CM CM CM CM CM CM CM CM CM CM CM CM CM CM ^ ^ ^ ^ ^ 

<ooooooooucjoooooooc3ooooooo 

+ + + + + + + + 

XUJUJII IllMliU I1J ItlMl Pll MIM* 

i/imm O'opoo o^ mr-oD m o'em cMh-o-o o o o po 
o vn in po o o ^ 00 o e-•-o o CM o oo oD e-o MD m O'o m'O 
h-PO O in»-P'-PO O <0 ^PO—*-Oh-CMOOit OODO CD ^ r- 


j-it POPOPOCMCM^ o o coco r-'em j-pn— 


>-CMCM CMCMCMCMCM CMCM^^ ^ 

20000000000000000000000000 

2 UJUJUJUJUJUJUJUJUJUJLiJUJUJUJlUUJUJUJUJUJlJJUJUJliJUJ 

O CM O CD-o >0 ^ O CM in m CM r-O'p'“-»in CD CO 00'O PO O O CM 
XO'CMODPO^ O'OO'CM J'POO'O'Or-'—o^'OO'OOPOCT'in^ 

in QD CM O'O'm O'in o in c^ O'm ^ ^ o *-m >—p^ 00 O'O' 

m jr -ainpocMp-^^CM J'h-ininininincM<^^CMPOCM 
I I I I I I I I I M I I I I I I I i I I I I I > 


l/» J ^ ^ PO PO PO PO pn PO PO CM CM CM CM CM PO PO PO m m PO PO PO PO PO PO 

m<ooooooooooooooooooooooooo 

UJM + + + 

QC ^ uj uj LU UJ UJ UJ UJ iLi ID uj lij UJ UJ LU liJ liJ liJ UJ lij lu UJ uj ll; UJ UJ 
h-2 o po po-o P'-pn in 00 CO po po'O O'O'go p'-CO CM CM 00 CM P'-p«-P'-gj 
(/) Lu o o CD ^ o CM in in»-vncM >0 f—CM o O'00 o in-4^ P'-00 O'"O 
oc CM ^ >o o m po po m»-o •-'O in o CM m O'CM'O o m o in o 

QClD ••••••••••••••••••••••••• 

ID ID ^ O'P'-gj ^ PO CM CD PO ^ ^ P'-^ ^ ^ CM CM PO PO ^ in 

2 X I I I t I I I I 1 t I I I I 

2 Z> 

—u 


ot J-^POPOPOPOPOPOPOPOPOPOPOPOpOPOPOpOPOPOPOpOpO 

ID in<0000000cj00c300cj00000000c-)00 

Q > 4 +-f > ^ -f ^ ♦ g. ^ + X 4 . 4-> 

2 QC kid ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID 

t~) K2P'-CMinCMCMin^O*-'>OO^OCM-SCOOP'“'OOCOOOinD'D^ 

_i miDCM^j oinocMj-oocT'CMJ'Ocoino'r'-o'oop'-P'-'-p'-^cM 

>• c^h--3'CMO^«O^OOr-00<t't-CM;a-inCDOCMCMOr'-PO'OOOCO 

o OClD ••••••••••••••••••••••••• 

ID ID ^^O' 0000 P"-e-P"-p -000000 0000 O'O'O'O '00 00 h-'O m 

ctr p-x 

o r)D 

U. Uo 

00 


=> 

m 

ID 

oc 


m j po po ^ po po po po po po po po PC) CM ^ CM m po po po po po po po po 

m <0000000000000000000000000 

^ ^LD ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID 

K oc7'inpc>POCMocDP'-cMcoinoc'inpop'-oO'“»-o*-cDinincM 

m D g) po CM m *—in o m 00 CT'o js-^ O'D-in •—(7'm >0 in <0 

K CO»-O o ^ pn CM »-> O'CD cn IT ^ CM p^ m o pn CO CM pn po cn jf ^ 

Cti-» .... 

ID O "O O'^ ^ O'CD P'“'O ^ PO CM ^ P-in ^ O'^ CM CM PO pr) PO PO CM •— 

22 I I I I I I I I I I I 

zo 


l/> jr* ICMCMCMCMPf JCIP* IP* JPf )P»)PnP» )P») J ^ it ^ D'^ D'^ D'^ 

in< 00000000000 00000000000000 

UJ 2444444444444444‘444444 + 444 

fll | U 1 1^ I tiJLtIti III IIULIJ H I LIJI-IJ UJIl mj LULU ID ID 

p-o in p-O'D’po po m o po o o»-O'O'p-CD O'in po O'o O'o 
inor-cr o CO—pooocM O'POOD gj —o O'P-pococM po—in 
K — O O '00 POh-f'-O'O CM—O 00 in O O—CMCMPO POPOPOCM— 
QCl-l .. 

ID o po O'm—'O—CM po in MJ K 00 oD ———— 

P -2 t \ 

00 

OJ 


X2—00000000000000—— — — — 

00000000000000000000000000 
p-l |4444444444444 + 4 ‘f 4 + > + -P- 4 '*f 

KIU*imj*‘ *LDlDi4^lDll-‘UJU *DJlUIUlDUJUJll/ M* M Ml ‘ 

< 00000 OOOOOOOOOOO-»0D CM-00^00 CM-O 
UO OCOCM'O O COCMM? O ODCM'OOCMCDin—00-S'OK PO 
O O CM O'm CMCO — K O O pn CT <0 O O — CM CMfO D-in 

^•—^cMPOPO^inin'OKP'-oocoo'———— 

< O—CM po m <0 K 00 cr o—CM po m K 00 O'o—CM po j-in 
K 2 —.-(MCMCMCMCMCM 


m<0000000000000000000000000 
ID—4 444444444444444444444444 

QC K ID UI ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID 
^ 2 O'- 3 -PH J m go O'—m o CM CD o O'—CM K P>^ CO CO K PO CD PO 
WO ID O'O — PO CM — CM K CD m K O'PO m CM ——CM CM K PO o-C O 
OC OCM O O'O-^ O O OCM—O O'©*-—^ m^o * 0 — 
OClD ••••••••••••••••••«•••••• 

LDIDOOO'-O'—CT*——— — — O'————— — — ———CM 

2 X 
20 
— O 


x o 

O 2 
2 — 


CO oc 
o o 


W 0 < 0000000000000 000000 000000 

ID—4 44444444 + +‘f4444444444444 
OC K ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID 
K 2 J-' 0 ^ 0 '—OOi—Oh-CMOPOr'-KOD^J^K-a-^CMh-D’CM— 
wOlDOOOCMOCMin'O'O'OO^OOOOOPOCMCMPO'OO'POO'a'CMK 
oc — CM CM PO in m PO — O'O'CO 00 K K O'O'O'O'O'—CM CM PO m cr 
QClD •••••••••••••••••,•••«•••• 

ID U. CM CM CM CMCM CM CM CM—— — — — — — —CM CM CM CM CM CM 

p-a: 

03 

00 


wo j po po po m po it po po po po po po po po po po po po po po po po po po po 
wo< 0000 00 00000 0000 0000000000 

ID24444444444444444444444444 

—IDIDlDlDlDlDlDlDlDLDlDIDlDtDlDIDlDIDlDlDIDIDIDlDUJ 

p-C3 CT '00 oin O'r* IK fnm CD < 0 —CD in—O'CMP* IK 00 pocMinr-m 
wo o CM K o m o O '00 po CM gj in K o in CM 00 —o in po o o 00 O' 

K ^ in po CO — o——po CO gj»-po ^ ^ <0 gj o CD——g>'O— 

••••••••••«•••••••••••••• 

ID o 00 'O m <0 O'—<0 CM—m in in D-po jr ^ it <0 K K'O m K 

2 Z I I I I I I I I 
20 


i/>_j^ ^ a* ^ JT it ^PflPPlPPIPOPf IP* IP* IP*)P* IP* IP* IP*!** IP* IPO^ ^ 
WO <0000000000000000000000000 
IDZ 44444444444444444444444-I‘4 
M (jj UJ ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID 

KO—'Oco^ocMoopooocMin—-d-ooinoomin—O'lngj^gjO' 
wo O m CM 00 CM o CM CM g) PO — PO O K—PO cx> m'O 00 —00 O'K 
K 00'O in <0 O CM K CO K CD PO — O 00 'O in-O 00 K m in O'O CM 

oc— ..... 

IDO—— — CMCM—— O'-O-OK CO O'O'^ O'O'O'O'O'O'O'—— 
K 2 

00 

ou 


X 2 — 00000000000000 —— — — 

00000000000000000000000000 
— I | 44444 - 4 ‘>‘*' + ’*‘’«*>’t''»'*»'^**'+-^-*"*- + '*- 
P—ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID ID 
<0000000000000000 00 CM'O 0^00 CMO 

UOOC0CM«0O^ 00CMg>O OOCMgjOCMOOin—CO^ OKPO 

o o cMcr incMoo it—K o "Opo O'gj o o—cMCMcom 

..... 

g)——cMPOPOj-inm'OKKooooa'—————— 

< O—CMPO gjK 00 O'o—CM po D-K 00 O'o—CM po^m 

K 2 ,-.-^—cmcmcmcmcmcm 


































««a000000000000000<->0000000000 
I i I I t I I I I I I I I I I I I I I I I I I I I t 

•w; 111^ mt-ijii IU.JU Ji^ui j u.Jii j^jij JtiJii V ‘ f 

< oooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOO 


--- 

<*aoooot>ooooooooooooooooooooo 

I I I I I I I I I I I I I I I I I I I I I I I I I t 

< OOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOO 


< 0.00000000000000000000000000 

I I I I I I I I I I I t I I I I t I 1 t I I t I I I 

< OOOOOOOOOOOOOOOOOOOOOOOOOO 
aaOOOOOOOOOOOOOOOOOOOOOOOOOO 
a.00000000000000000000000000 
... 


o 

o 

o 


i.c^ 

lUUJ 

^(L 

(Da. 

OD 

az 


ao 

*-z 


(/I 

UJ 

I 

o 

z 


CM 

o 


o 

o 


z 

u 


Of 
—o 
o 


^«/l LUO 
OQ«-nOZ 
I ZOOiiJ 
UJOZOO 
00-? •£*: 
00.0 LU 

o a > 
•X z 
U— t) o 


X lUOU^ 


zoo 
O I 0—0 
2.UJ 'OUJ 
—O I LO 
ZO LUO 
—o o 
X •zoz 

(00(J> 


ZO Of 

oz o 

*0 — 0 II I— 

CMH-)XLO 

o — 

ZUXQ 

<oo»-o 

►--) cca. 

Z OU.O 

LUOLU 3: 

xt--o— 

UJ OLUX 

cKaai-< 

OUJQ.h>£ 

z-<o c 

—-J —ILL*- 

OlOiOO 

LLQ.< 

0<UQCZl- 
* -IUJ02 
<QC^ O —U 
t-UJZDCZl-2 
<XLU<—OC 
czxlu-i<o 

OQX>>C£> 

KZZonOLLU 


za—————————————— 

<zOOOOOOOOOOOOOOOOOOOOOOOOOO 
—UJ I t I t I I I I I I > I I I I I t I I I I I I I I I 
O K* LU LU LU UJ LU UJ LU LU LU UJ LU LU LU LU UJ LU LU UJ UJ ID LU UJ UJ LU UJ LU 
LU OOOOOOOOOOOOOOOOOOOOOOOOOO o 

Z OOOOOOOOOOOOOOOOOOOOOOOOOO Qs 

OOOOOOOOOOOOOOOOOOOOOOOOOO 


_i LL <0'O <0 ^ MS >0'O'O'O'O'O <0'O <3 <0'O'O <0 >0'C <3 O'O'O <0'O 
< 0.00000000000000000000000000 
XLU I I I I I I I I I i I I I t I I I ( I < I I I I t I 

p LLf ^JUJi III Hi JMJij i^i itJi ii 

LUOOOOOOOOOOOOOOOOOOOOOOOOOOC 
X OOOOOOOOOOOOOOOOOOOOOOOOOO 



_n/»———————————————— 

_JU300000000000000000000000000 
<UJ I I I I I I I I I I I I I I I t I I I I I I i I I t 
i Z UJ LU UJ LU UJ LU LU LU LU UJ LU LU UJ LU LU UJ UJ LU lU UJ UJ UJ LU UJ UJ LU 
ZOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOO 
-•OOOOOOOOOOOOOOOOOOOOOOOOOO 

.. 

*run */3 *n *n u^ »r> i/MJ^ i/^ in LTun *n */3 */3 LDin ir» l/ 3 ir> 


ZCM 

ZQC 

UJLU 

—ICC 

coz 

oo 

OCZ 


Zp -*00000000000000000000000000 
t I I I > I I t I I I I » I t I t I I I I I I I I t 
I/) < UJ LU UJ UJ LU UJ LU LU LU LU UJ LU UJ UJ UJ UJ UJ LU UJ UJ UJ LU LU UJ UJ LU 
tnoc OOOOOOOOOOOOOOOOOOOOOOOOOO 
— OOOOOOOOOOOOOOOOOOOOOOOOOO 
g 0OOO0O0000O00OC5000O00C3000O 
rn fnto lO POrn ro rn rofo PO ro rn rnfo IT) rn ro rn rofn m fo torn fo 


f lit I I LIJ 11 1 1 ^ ^ ILIll I I ^ ) ^ 11 III 111 ^ 11 l l 1 III 1 ^1 ^ 11 111 JiplJ Jll 111 Hi 1 111 

<00000000000000000000000000 
C£ OOOOOOOOOOOOOOOOOOOOOOOOOO 
<->ooooooooooooooooooooo«-iooo 


in in in in in in in in *n in in tn tmn m in in in in tn tn in *n in in 


0300000000000000000000000000—- — 
Z-J4444- + + -*-4--P-f + 4 + + 4- + -*- + -f-f-*- + -f + + -f 

•"^•^11III i iiiij milIII III I I11 ^ 1 IIn »m i Ml < n 1 (1 III iiI < ui m»u ii n-ij 
OOOOOOOOOOOOOOOOOOOOOOOOOOOO 
>“Oooooooooooooooooooooooooooinini/) 
m zoooooooooooooooooooooooooozzz 

QC ..... 

LU popnpofnpnpnropnropnpopnpripnf0fnporofnpopopnpopo"0po—— 


<<< 

XZ—O'C'COCOOOOOOOOO®® 00® 00® ®00C0® ®OOOOOOOCOf-QC QC OC 
OOOOOOOOOOOOOOOOOOOOOOOOOOOUJUJLL 

— I I I I I I t i I I I I I > I I I I I I I I i I I I 
hlululululululululuujluluujlulululuujlulljluluujluluuj——— 
<00000000000000000000000000 
OOOOOOOOOOOOOOOOOOOOOOOOOOOU.LLU. 
OOOOcmOO.^ OrM^OJ#®CM^OJ^®CM<30J^®CM^OOOO 


LU ..... 

Q jr®——■cMCMCMfnro.j.j^*nin'0'0-CP^f-®®®a'C'--® 

z LUUJLU 

— ® ® ® 

_/ <o<—fMPo.^ln^3^^®0'0—CMPO j’Ln«or-«-roo' 0 —cMPo.jin'OZzz 

>- k-Z — — —CMCMCMfMfSiCMfMOOO 

o m zzz 


— o 

I UJ 

— </) LUO 

OQinoz 

I ZQOUJ 
LU3ZOO 
003 C® 

oao LU 
o a > 
•I z 
o— ti a 

ZOXO 
— I 
Luom 


! zoS*" 


I 


— O I to o 
ZO LUO o 
—o o • 

Z 'ZOZ >o— 

ooo o 

— Z4 

p- p> OLU 
ZO a —lo 

oz o >-o 
n—OM^ OO 
(M>-->xm < « 

o — ®*n 

ZOZO LL 

ioo»-o 

t-~> OCX. LU II 
~ OU.O OCM 
LUOLU Z Z® 
ZI--IO— UJ 

_ILUX O » 
®QaK< ®— 
OLU®KZ UJO 
r—<o o>4 

-3 OLL — ZLU 

®oloo do 

U.®< OO 

0<D®Z^ O 
3UJOZZ • 

<®p- o—Luo*n 

^LUZ®ZKZZ 
<®IU<—OO— 

ozzuj3<az II 
oox>®x— 
^ZZLOOLLLUZ® 

o 


OLL — — — — — — — — — *—- — 
<U. OOOOOOOOOOOOOOOOOOOOOOOOOO 
— I > I I I I I I I I I It I I t < I I I I I I I I I 
o Q UJ LU LU LU LU LU UJ LU LU LU LU LU LU LU LU LU UJ LU LU LU LU UJ LU LU UJ LU 
< OOOOOOOOOOOOOOOOOOOOOOOOOO 
a®OOOOOOOOOOOOOOOOOOOOOOOOOO 
ZOOOOOOOOOOOOOOOOOOOOOOOOOO 
LU... 


<ZOOOOOOOOOOOOOOOOOOOOOOOOOO 
— UJ I I I I I I I I I I I I I I I I I I I I I I I I I I 
i| III II I (11 M II I (i( I MJ M l M“iii iii*' M l M I “I “I M' * M 1*^ ^' I M * M l I 

UJ OOOOOOOOOOOOOOOOOOOOOOOOOO 
Z OOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOO 


3®-0'0^-0'0'0'0'0’0-0'0'0'0'0'0'0'C'0'0-0'0<0<0^-0'0 
<®OOOOOOOOOOOOOOOOOOOOOOOOOO 

zuj I I ) I I I I I I t I I I I I I I I 1 I I I I t I I 

y [ 11 I III I I I II1 ll( (IIII I M I 1 11 tl I M I 111 III III III III 111 III 111 III ItUi IILULLI LU 

LUluOOOOOOOOOOOOOOOOOOOOOOOOOO 
X OOOOOOOOOOOOOOOOOOOOOOOOOO 



31/300000000000000000000000000 
<LU I I I I I I I I I I I I I I I t I M I t I I I I I 
X Z LU LU LU LU LU LU LU UJ LU UJ 3 D LU LU LU LU LU LU LU LU LU LU UJ LU LU LU 
XOOOOOOOOOOOOOOOOOOOOOOOOOO 
(JOOOOOOOOOOOOOOOOOOOOOOOOWO 
—OOOOOOOOOOOOOOOOOOOOOOOOOO 

.... 

H^Lninin»nLninin*ninininininLnin*ninin«nininLninLninin 


Z—OOOOOOOOOOOOOOOOOOOOOOOOOO 

Ot- t I I I I I I I t I « I i I I t > > I > t I t I I I 

t/jjjUjii M i p gi iy ujd iiJjiiMj((j (U 111 liiiilluJLlJUJiiiLUUJiiJLUIJJLUm 
m®OOOOOOOOOOOOOOOOOOOOOOOOOO 
— OOOOOOOOOOOOOOOOOOOOOOOOOO 
g OOOOOOOOOOOOOOOOOOOOOOOOOO 
pnpopopnpopotnpnpripopopopopofopnfnfopripororopopopotn 


oooooooooooooooooooooocoooo 


m 1 H JJI1 111 MJJI1 m m n I III ||1|ILJ Ml M‘ iih«L‘LU*^*''*-‘*i‘L*-’ 

<00000000000000000000000000 
aOOOOOOOOOOOOOOOOOOOOOOOOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOO 


ininininLnLninLn*nLninininLnLninLn*nLninLninininLnin 


tn 

® 

3 


OOOOOOOOOOOOOOOOOOOOOOOOOOOO—tnPO 
Z3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 + 4 4 4 4 4 4 4 4 CMCM 
O OLU3333333333333333333333333 
DOOOOOOOOOOOOOOOOOOOOOOOOOOO 
>00000OOOOOOOOOOOOOOOOOOOOOOL/M/Xn 
ZOOOOOOOOOOOOOOOOOOOOOOOOOOZZZ 


po m po tn po po pn m pn po po po m tn po tn po po fO to pn popo po po po——— 


Z xz —OOOOOOOOOOOOOO*-— 


< 000000000000000000000000000333 

® — t I + ♦ 4-4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ♦ 4 4t~P-P- 

4 ^33333333333333333333333333——— 

® <0000000000000000.^®CM'00.» ®CM'00 

O O O® CM O® CM-C O® CM-O OCM® vn—® ^ OP^PO O 3 3 3 

® OO.^CMO'LnCM® J’ —J^O'CP00''0OO—CMCMPO Ln'OOOO 


o 

z 


(vipr)poj»LnLn'Of^P“®®^—® ^ 

333 

®® ® 

< o—CM po-S’Ln o ® O'o—CM po in o p-® O'o—CM po ^ vn-o z z z 

(-Z ———f—— cmcmcmcmcmcmcmDOD 

<n 

















































aC'O'O'O'O'O'O'O'O'O'O'O'O'O’O'O'O'O'OO'O’Or^roh-r^ 
<0000000000000000000000000 
UJ I I I I I I I I I I I I I I I I I I I I I < I I I 
X UJ UJ UJ UJ LLt UJ LLt UJ UJ lit LU UJ li> UJ UJ UJ ll> UJILIUJ UJ U> UJ UJ LU 
(/10000000000000000000000000 
o'Orgooo'OrsiGO ^ o <ocgoo ^ o<ocNao ^ o oo oo 
O 1/1 oi o 00 m ro o 00 <0 rn ^ 00 <0 ^ ^ O '>0 ^ eg <0 <M CO ^ 


>oirnrnniP^ii 


» ^mrompn rgcgcvicg O'r*. ^ eg 


<<00000000000000000000000000 

*-•0 I I > I I I I I I I I I I I I I I I I I I I t I ( 1 

X III lliii mi in 111 HI mu 1 ■■■'■■<'I in mpim 1111II1 III 1 11 

< oooooooooooooooooooooooooo 
00000000000000000000000000 
oooooooooooooooooooooooooo 


at 


fO ro»0 m rn fom ro fororei ^ ^ ^ ^ ^ IDI/Iin >0 

z1- 

UJ I I i I I I ) I I I I I » I ) I I I I t I I I > I 

r LUii iLLjLULU^i III nun i^i 1^1 III ill H I H I III iiij ^i II 1 I II III 111 ii^i ii H I I 

O o k/1 O'f'O o »/i h-c* o 00 eg eg ® o 00 eg eg 00 o o o o O 
*; o-o fo eg ^ egreup oeg ® o ^ ^ o 00 e-m eg oco fNi ego 
O h-♦/> fo ^ a h-»ft w^eg o jr ® 00® o ro e-eg-om O'® 


-«*ILOOOOOOOOOOOOOOOOOOOOOOOOOO 

I t I I I I I I I I I I I t t I I I I I I I I I I t 
O O UUILI (U LU UJ Ug iU UJ LU 111) UJ UJ UJ UJ lU LU LU LL) UJ l-U LU LU UJ LU lii UJ 
< OOOOOOOOOOOOOOOOOOOOOOOOOO 

(xaooooooooo 0000 000000000 0000 
a. oooooooooooooooooooooooooo 

LU************************** 


m eg eg eg eg ^ ^ ^ ^ ^ O'®-o in ^ fO ro eg ^ ^ r-^ i» 
I I > I I I I I I I I I t I I i I I I I I I I I I 


a:<t 

OJILI 

aox. 

00 

OCZ 


oca 

«z 

5£ — 


— O 

I UJ 
LUO 
OOunOZ 

I ZOOOI 
LLIZJZOO 
00 ;? •QC 

oao uj 


o*- It o 
zoxo 

X OJOi/I 
^0^< eij 
ZOO o 

3 I 0*-0 I 
ZUJ aOUJ UJ 
»-0 I m O 
ZO UJZ> O 

-O o • 

X •zoz o— 
000 o 
— Z-f 

H* ►- oil/ 

ZO <£ mO 

oz o 

»n—OM>- 00 
eg»-^xm < • 
o — am 

ZOXU LL 

m3»-o 

¥--> ax LLI N 
“ OLLo oeg 
luauj X zoL 
X>-— O— LU 

oatx o • 
acoa.^< acLu 
OUJO-^X UJH> 

Z —<0 o>— 
—_J _iu.^zz 
CLOmo o*^ 
i.a.< OIL 

a<o«ZH- z 

OLUOZX*^ 
<a^ O'-uj;? 

^Luzocz^zxm 

<®iu<i^OO^— 

ox xajo<o.z 
Dai>-acx«.- 
^ZXmobLUJXa 


<x00000000000000000000000000 

^-lUJ I I I I I I I I I • I I I I I I I I I I I I I I ( I 

yjyj i ^iLiJiJJ i ^ 1 1^ iLU LiJ^t Hi iLLJij j i II ^ I till l yj i L 

lilt oooooooooooooooooooooooooo 
X oooooooooooooooooooooooooo 
oooooooooooooooooooooooooo 


-J LL <0 <0 <0 <0 <0 <0 <0 <0-O <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 <0 
< 11.00000000000000000000000000 
XLU I I I I I I ( I I I 1 I I I I I I I t I I I I I I I 

(y'e*'‘'*M‘“*lli‘t'‘t‘“t‘i'“t‘^‘tjiiiiinuiiJniiiiiiiiiiiii n iiiin iii. . 

UJOOOOOOOOOOOOOOOOOOOOOOOOOOU 
I OOOOOOOOOOOOOOOOOOOOOOOOOO 



^moo00000ooooooooooooooooooo 

<UJ I I I I I I I I I I I I I I I I t I I I I I I I I ) 

y ^11 inj iijnii I III i n III 111 I II HI H tii^ HI I II I.Ill H I III 111 1 11 m H I m II11 

^oooooooooooooooooooooooooo 
uooooooo0000000000000000000 
^oooooooooooooooooooooooooo 

X************************** 

>-mmmmmmmmmmmmmmmmmmmmmmmmmm 


iino^^*-^*-^— 

z^oooo0000000000000000000000 

0 »- I I I I t t I I I I I I I I I I I t I I I I I I I I 
m < LU LU UJ UJ LU LU lU LLI LU LU UJ U-) ^ UJ UJ tu tig UJ UJ tLI tu LU UJ UJ LU LU 

metoooo 00000000 000 0000 0000000 
« oooooooooooooooooooooooooo 
g oooooooooooooooooooooooooo 

foiv^mfomiomfommmroreiinrninroioinfoiornminfnio 


Oooooooooooooooooooooooooo® 


1 niji I m injiiJH H I inJiii ii III i iij Lijii i iijiijiijii iiijiijiiJ H i uHtJiiJ H I 

<00000000000000000000000000 
oco 0000000000 00000000000 0000 
UOOU 000 (-JUOUCJOOO 0000 000 0000 


mmmmmmmmmmmmmmmmmmmmmmmmmm 


0000000000000000000000000000*-f0f0 

z_i4-♦♦♦♦♦♦♦ 4 ♦♦♦♦♦ <f ♦♦♦ g--f ♦♦♦ ♦ egeg 

^ •pilJ llliil illllJ illlll lliiiliiilu nlliliil tllllJ iilni lllu liiini lll lllllJU l 

0000000000000000000000000000 

>-ooooooooooooooooooooooooooommm 

xoooooooooooooooooooooooooozzz 

•.. 

fomrnmmrnrniei 10 rr»re)mrnrr)ioreji<l rnmmrnfOrOfOioie) I— 

<<< 

xz»— 00000000000000 —act a 

OOOOOOOOOOOOOOOOOOOOOOOOOOOUJUJUJ 
^111111 111111 111 111111 111111111111111111111111 11 III! ^IHii iiiiii iiiiiiii mill 1^^^^^ 

< 00000000000000 00 jToeg'OOi? ®og >00 
lj o o ® eg <0 o ® eg <0 O ® eg <0 o eg ® m—® o m o LL LL iL 
O o <• eg O'm eg ®o-o m O'-o o o—CN eg m itf m-o O O o 
-I.... 

lO—eg Ki ro < m m <0 h* ® ® O'—et a a 

LULULU 
®® ® 

< O—egmm <0 ® O'o—egm JT m-o r*-® O'o—cgio m-o X X X 
L-Z —————egegcMfvjegegegooo 

m zzz 


i 2 


m jrnm m m 10 lo lom 10 rn ro ro rn m ro roforo ro roro m m in rn 
m<ooooooooooo00000000000000 
iu*-+ 

<y >»iiiiiiiiiUJLUnjti j Hi iiiii m III iiiii 1II1 m III III iH III III »H I 

►-ZOOOOOOOOOOOOOOOOOOOOOOOOO 

miuooooooooooo 00000000000000 
aooooooooooooooooooooooooo 
auj ... 

LU LL <0 <0 o <0 <0 <0 <0 <0 <0 <0 o <0-O <0 < 0 -O O <0 <0 <0 <0 <0 <0 <0 <0 
zx 

ZO 

—u 

a 

o 


m j m mm m m rom ro m m mm m mmm mm mmm fo m m m 
m<0000000000000000000000000 

LU— 

OC U> LU UJ U.'lU LU LU LU LU lU UJ LU LU LU UJ LU LU LU UJ LU LU LU LU LU LU LU 

►-Z 0000 00000000000000 0000000 
mujoooo 000 00000000000 00000 00 
oooooooooooooooooooooooooo 

OLU •••«••••••••••••••••••«•• 

UJ U. <0 lO <0 <0 <0 <0 < 0 -O <0 lO-O < 0 -O <0 <0 O < 0 -c <0 <0 "O-o-o <0 o 


o 


m m jeg(Megeg<MfNeuc>j(NCNegegegegegeummmmmmm.XJ» 

a ujz I t t I I ( I t I i > I I I t I I I t I I I I I I 

O — LU LU LU LU LU LU UJ LU LU UJ lU LU LU LU LU LU LU lU UJ UJ UJ LU UJ LU LU 

^ O o >0 JT o o a O'eg O'cr eg ® h-O'oj—m m e-o m e-o CM 
m 13 o m O'r*-® o m m eg O'm m O'm m jj o .S'm o m 
^t^eg'Oomo<o—K-mo^Lnf\jO^'Om^mm<3*—oo®o-o— 

Luoh-lO-omm < .^mmojegcNj—»-o'h-m.a^ CM—— 

zzI I I I I I I I I I I I I I I I I I I I I I I I I 

ZO 


i/> jojegegegegegegegegegegegegegegegmmn )*»>!* i*» im a j» 
lo< ————— 

LUZ I I I I I I I I I I I ) t I I I I I I I I I M I 

OC »—UnULLi iiH1iilii,ii>i Jiji ii H * “J ‘It “ ‘ “J 'tl t“ 1“ ‘L i “i* 

O o lOO ® O'eg O'O'eg ® O'^ cvj — m m e-o m ji-® eg 
m o o m O'® o m m egO'm . 4 ^ m O'm m h-.S'® ^ m o m 
H* eg <3 o m o lO—h-m O'm eg 0"0 fo—m m —® ® o o— 


LU o "O lO m m .s .s mm egeg egO'h-m .s eg——.s— 


oooooooooooooooooooooooooo 
— I I I I I t I I I t I I I I I I I I > I I I I I I 

iLi“iiiiiiiiiiH‘ii‘ *ii ‘iiiiiiH iiHiiiii i| HiHi|iii i(i »iini iiiiiin iiii 

<0000000000000000000000000 

OOOOOOOOOOOOOOOOOOOOOOOOOO 
O o o O (M <0 o .s ® eg <0 o ^ ® eg <0 O ^ ® eg <0 o .s ® eg-o 

.s ®— eg egegm m s-.s m m <3 <3 lO r*-h-® ® ® O'O' 

< o—egm m<oe» ® o—(Mm .s m-OK ® O'o—egm s^ m 
^Z ^^•-^^^^^^^cjrgrgegcMeg 

cn 





































I 


I 





1 








aO—OO OOO O OOO OOOO oo*-*—rocs) 

<oooooooooooooooooc)ooooooo 

+ + + + + + + + + + + + i I I 

to.— ^*—h-r->ojj'r-mro'-*—j’Or-j’inror^ii^—iO'Oror- 
lOt—O CM o-o >0 *—O ^ >0 o ^ CS) ro CSJ Jt jS'J” r-^ C7‘-:}■ m 
CD^CMCMr-j-Oo —CDOQ o ^lO Jtrom^ OO^O —CM 


-S’KiCM—^ O'O'O'O'cr co/^ o m mcsj*-*-tncMh-j” 

I I I I I I I I I I I ( I I I I I I I 


)-o f—f—^ r-f—F-^^o O O O *—*—CM CM CM 
ZOOOOOOOOOOOOOOOOOOOOOOOOO 
UJl^-f* + -f + + + + -»--^ + + -^ + + + + -^+| \ I I I 
3LUJUJUJliJUJLULUUJUJlUliJUJUJliJUJUJLLILL.'UJLUIJJUJUJUJLLJ 

o CD ^f—to o CO lo m m CM o >0 ^ r-*—CO o f-^ in O'ro 
a. o ^ C''CO ^ ro CM crCM CO o CO >0 o CM—r-ro ro r-ro ^ tn 
CO'O ro O'O oc ro CD CM m O'CC( CO J-O»“ <3 oc m O'O O O' 


incMm m <5 mm jt ro CM CM CM—>o CM *—m *— 

I I I 


a:—o—oooooooooooooo'^'-—rocM 

< OOOOCJOOOOOOOOOOOOOCJOOOOOO 
LU+ + + ’*- + I + + + ’♦• + + + •♦• + + •♦■ + + •♦••♦.( I I I 
X UJ LU UJ LU UJ UJ LU LU UJ UJ uj LtJ LL) LLILU LU LLIUJ LLILLILUIIJ UJ liJ LLI 

m ^ O CM o <? <3 ^'O O O CM ro CM ^ h-^ O'^ m 

CO^CMCMt'-JZtO' <)»—COOO^'O'Om^rorOJj 00-;3^0»—CM 

roCM — j-O'J-h“ O'C^ O'C^ COf"-O m J” roCM—•-U1CM h--S’ 
I I I I I i 


►- >0»—f—0000»—*—CMCMCM 
20000000000000000000000000 
LUI+++-^ + ++ + -f+ + + + + + + + -^+| I I I I 

2 UJ UJ UJ UJ LiJ liJ UJ UJ liJ IIJ UJ LLILL) LU UJ LU LU UJ LU LLILU LLI (JU UJ LU 

o CO ro o CO m m m ro CM o o m r-—CO o •—-3-m O'm 
5: o f-c-rn ro CM O'-3^ CM CD c CO o o CM ^ r-m ^ m r-ro j-m 
CO >0 fO ^ O'O CO ro CO CM m O'm cc 3“ O *-O OO m O'O O-3 O' 

mcM-3mm'Omm-33'm<MCM»—*—^h-3CM'-'OCM»—m»— 
I I I I I I I I < t I I I I I I I I I I I 


o 

cr 


CM 

oc 


Q 

2 


OC 

o 


m ^ fn m rn rr» ro ro ro rn rn ro rn ro rn ro PO ro rn ro ro rn ro ro rn ro ro 

C0<0000000000000000000000000 
UJ«+-»*-*- + + + 4* + 4' + + + + + + ‘»* + + + + -f + + + -»- 
QC |»-UJ UJ LU LU U< LU LiJ UJ UJ UJ UJ LU LU UJ LJ LLIUJ UJ LL) LU UJ UJ LU UJ LU 
P-2 O (M^ — OCMm m rOtM O'3-CM CM O ro O'3^ OJ — r*->0 o o 
m UJ O CO CM 3 <0 O'3 CM m h-ro ro m O'm CM O O O *—PO 3 <3 CO o 
Qc mcM Of'--3 ^ O'r-m m CM»—o O'O'O'O'O'O'O' O' O'O'O'o 

..... 

uju-h-p«-f«->o-o<5minmmminm 333 3 3 3 3 3 3-3 3m 
22 
20 
—u 
oc 


m _j rn ro m m m rn ro ro ro ro ro rn rn rn rn ro rr> ro fO ro rn rn ro rn rn 
m<ioooooouooocoocoooooooo<->oo 
+ + + + + + + + + 
oc ►—UJIIJ UJ LU LU LU LU UJ UJ UJ LL) LLIUJ LU LU UJ LLILL. UJ UJIIJ UJ LLIUJ LU 
N“20>ocMO'mrof'-r-ornmr'-0'3coO'Of^f'-m—3'Of^f'- 
mujoo O'mOCMO 3 moCMO OCM3 f^ orci-o O'CM3 <300 o 
QC m O'ro O'<3 PO f-O'00 h-h-f'-h-h-r-h“ 00 00 CO CO O'O'O'O'o 

.... 

UJ U-h-<D O m m m m3 33333 33333333333m 

oo 


o 

O' 


£0 

21 

2 


CO 

o 


Z3 

2 


m-JPO rororriroroporoporo POPOm333 3333333 3PO 
l/)<0000000000000000000000000 
UJ— + + + + + + + + + 

CC ^ UJ UJ li) LU LU UJ LU (JJ UJ UJ UJ LLIUJ UJ UJ LU UJ UJ UJ LLIUJ UJ UJ UJ UJ 

p-2 o 00 O'CT' CO CO m m r-CO ^-o CO»—m 00 O'o O'CO r-m ro *—3 
m uj o ^ r-m 3 o m f'-o CM'O o 3 o o o oo o o o o o o 
a m r-O'CM m CO o CM 3 o p-CD O'o o o o o o o o o o o O' 

.... 

UJ CL p'-h-K CO COCO o o o o O O'o^ o 

22 
2^ 

oc 


m-JPOrOPOPOPOrOP033333333333333333rO 

m<iooooc:>oooooooooooooooooooo 

CU— 4>++ + + + + + + *** + + -*- + + + «f-»-**-<4* + >-»- + + 

p-2 o 3 CO f—m r--po m <5 3 CO o o CO m CM o <? po t—CO o po •—po 
l/> LU O O O 3 O'r-O O ^ CM CM CM CM CM CM CM *—*—r-r-o O O O O 

Qcmo'oopo'ocooooooooooooooooooo 

OCUJ ... 

LLI CL r-CO CO O'O'O O'*—•—r-f—^ f—f—^ f—f—^ f—f-O' 
P-2 

LJCJ 


3 

i/> m^roPomrnPnrnrnrOPOrorr,N-»rr)rof.orrirntoPOrnPOr'P',rororo 

(jj m<ooooooooooooooooooooooooo 

oc + + + + ^ + + + + + + 

QC »^UJCUCUCLJCLJLLJLUUJUJLLiCUUJCLJLUCLIUJUJUJUJUJLUCLIliJLL|CLJ 

p-a o f'-o po-o CD r--o ro 3 o—osj o h-*0 *—CM CD r-m o O'o 
m 3 O CM 3 o eg 3 O O <5»-'O — r-3 pn 3 K •-«o PO — o o o o 
P-O O O PO 3 3 PO CM <—O CO P^ m 3 PO CM^ O O O O O O O 

oc—.... 

uJL3mm'0'0'0'0-C'00'Ommmmmmmmmmmmm3m 

22 

20 


3 

CO co^POf'p)fgornNoroPor>nroPOPOromPOrorOPororoporopripr)r«orn 

CU C0<0000000000000000000000000 

oc UJ 2 + + -*- + -*' + 4‘ + -»--*- + + + + + 'f + + + + + + + + + 

QC — UJUJCUUJUJCUCLIUJUJLLILUUJUJUJUJUJliJCLJLUCUCUUJUJUJCLI 
P-O o PO — e-3 CM rt} 3 f'-O O O CD 3 M 3 O'CD CM ro PO m O *—O 

m 3 o e-m O'P'-m o o po CO 3 CO CM m o m CM 00 po <5 00 o o o o 
^ o po o «o m m <0 p-CO o *—CM 3 m m p^ 00 00 o o o o o o o 

cc^ ..... 

Luom 3 rOPOPnrOPOrOPnrr>3333333333mmm 

22 

20 


CO jp*)rnr» min ir* jr* irr) p*)P* irr)r»iror* ir* in^n )rt)pr )fT)rf )rr)r»)mr< i 
C0<0000000000000000000000000 
llJ2'P'*P + *P-*- + -P + 't'-f-»- + -P-»--f + -P4-*P + + -P + +4- 
QC —UjUjUJCJUJUJUJUJllJLLJCU LUUJUJUJCUUJUJUJUJUJUJUJIJJUJ 

P-O O PO *-P-3 eg PO 3 P'-O O O CD 3 pn 3 O CD CM PO ro m O — O 
CO 3 o m o p-m o o f<'i CD 3 CO CM m <5 m CM CD po-o CO O'o o o 
►-o po o <3 m m <? p-CO o •-CM 3 m o p'-CO CO O'o O'o o o o 

QC— ..... 

UJom3 POPOrn roroporom3 3 33 3^-3-3 mmm 
»-2 
30 
0-1 


co.^rrm)rt)rr)rrir*)n jn)»<fipr)mmmmrr)r<opor» »rf )rf)p«)n)r«)r»int j 
C0<0000000000000000000000000 
uJ2+ + + g* + <f + + -f-pg- + 4*-f4' + -P + + + + 4'-f*P-p 

h-Q o P'-O PO «0 CO e-O PO 3 o f—CM O p- nO *—CM CD P'-P-m o o o 
CO 3 O CM 3 O CM 3 O'O'O *-O — e-3 PO 3 r-<3 PO«—O O O O 
►-o o o PO 3 3 POCM—O COP-m 3 POCM—*—O O O o O O'o 


ujomm>0'0000o0'0mmmmmmmmmmmmm3m 

P-2 

30 

O-i 


X2— —00000000000000*-*-*-*-*-*-*-*— 
oooooooooooooooooooooooooo 

— I i++4+g* + + + 4-^-p + *»- + + + -f + -P + «P + + 

^UJUJUJUJUJUJUJUJUJUJUJUJUJUJtLiUJUJUJUJUJUJUJUJUJUJ 
<00000000000000003CO CM <3 03 CD CM <3 
O O O CD CM O O 3 CO CM <3 O 3 CO CM <3 O CM CO m •-03 3 O P-ro 
003CMO'mCMCO 3 *—P-3 O'OPO cr <3 O 0»-CMCMP03 3m 


'0*—»—CMPOP>ri3intn<3P«-P»-CDCDC7' — — *- — *-*—*- — 

< O •—CM PO 3 m <3 P-03 cr o»—CM p^ 3 m o P-X O'O •—CM PO 3 m 
p-2 ——— — CMCMCMCMCMCM 

CO 


X2‘- —00000000000000— — '-^»-»-‘-«— 
oooooooooooooooooooooooooo 
— I l+-p'p + + + 'l- + + -p + + + + -*- + + + >p + + + + 

< O oo oo oo oo oo oo oo o 3 COCMO O 3 OOCM'O 
U O O CD CM nO O 3 CD CM <3 O 3 CD CM <3 O CM GO m *-CO 3 o P-PO 
O O 3 CM O'm CM003*—P-3 O <3 PO O'o o O *—CM CM PO 3m 


o——CMP0pn3mm<3P-p-®®0'»—^*—»-*—*-—— 

< O»-CMPO 3 m <3 P-X O'o*—CMPO 3 m <3 P-X O'O *—ogpo 3 m 
h-2 —— f- —r-f—CMCMOgCMCMCM 

CO 



























I 












i 


I 























y 









